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ABSTRACT 
Hot beverage scalds are a painful and, unfortunately, common burn injury in children 
accounting for 1 in 5 of all childhood burns treated. Despite the high incidence, physical 
suffering, potential psychological issues, and significant financial costs to the healthcare 
system, there is a paucity of research and initiatives aimed at preventing hot beverage 
scalds (HBS). The aim of this research is to provide a better understanding of HBS injuries 
and develop an intervention aimed at preventing them.  
The research was undertaken in four stages—each informing the subsequent stages—and 
culminating in a HBS prevention intervention strategy. In Stage 1, the magnitude of the injury 
was highlighted through a retrospective trend analysis which compared data on children 
presenting to a major paediatric burn centre in Brisbane, Australia, with historical data from 
the same burn centre 10 years earlier. Stage 2 investigated the potential risk and protective 
factors for HBS through a cross-sectional survey of parents/caregivers of young children 
with HBS delivered, via iPad prior to the child’s burn dressing change. This survey provided 
detailed information about the circumstances surrounding the scald injury—before, during 
and immediately after.  
Evidence shows that applying optimal first aid treatment to a burn/scald (20-minutes of cool 
running water within 3 hours of the burn occurring) significantly improves wound outcomes; 
however, there is poor knowledge and use of correct burn first aid in the general population. 
Due to the high level of reporting of Internet use as a primary source of burn first aid 
information, identified in Stage 2, Stage 3 of this thesis comprises an analysis of burn first 
aid information available on the Internet. Combining findings from Stages 1-3, an innovative 
burn prevention intervention was developed: Cool Runnings. This two-group, parallel, 
single-blinded, randomised controlled trial (RCT) used a gamified, app-based intervention 
to improve knowledge among Queensland-based mothers of young children about 
childhood burn risks and burn first aid.  
This thesis presents the findings from these four studies. Stage 1 confirmed that the high 
proportion of HBS has not changed since 1999-2002; HBS still account for 20% of all 
childhood burns treated. The majority of HBS (75%) occur in children under 2 years old, 
often in the child’s home, and are witnessed by an adult. Stage 2 showed the supervising 
adult was usually in close proximity to the child when the injury occurred (often within arm’s 
reach) but were often distracted by food/drink preparation or attending to other family 
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members. Only 28% of children received optimal burn first aid at the scene. Many of the 
parents and caregivers initially applied cool water to the scald but not for the recommended 
20 minutes. The primary outcome measure of the RCT (Stage 4) was a change in knowledge 
about burn risk and burn first aid. The secondary outcome measure was the use of 
gamification. Participants were recruited for the RCT via social media, which resulted in the 
enrolment of 498 participants in just 30 days. Those recruited were representative of the 
target population. The Cool Runnings intervention resulted in a significant improvement in 
knowledge between the baseline and six-month follow-up, and this improvement correlated 
with gamification and app-activity. 
This thesis provides a comprehensive overview of hot beverage scalds, a childhood injury 
that has received little attention despite its high occurrence. The information gathered from 
these studies provides a better understanding of the circumstances surrounding HBS, and 
highlights the inadequate knowledge of many parents and caregivers about childhood burn 
risks and burn first aid. This knowledge is crucial if we are to see a reduction in HBS injuries.  
The success of the Cool Runnings RCT has led to a national burns prevention and first aid 
education campaign being rolled out across Australia. Called ‘Cool Runnings’, this free app-
based campaign uses content and gamification techniques from the RCT, along with 
broader adult and child burn risk content, in an attempt to reduce burn rates and improve 
correct burn first aid knowledge among the general public.  
The research findings from this thesis can be used to inform other HBS prevention initiatives, 
and the effectiveness of the gamified, app-based intervention highlights the potential of 
innovative new technologies for other childhood injury interventions and public health 
campaigns at a lower cost than traditional methods. 
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CHAPTER 1: INTRODUCTION 
Hot beverages like tea and coffee are a great way to start the day. Unfortunately, they are 
also the leading cause of childhood burns.  
Globally, burns are the 11th leading cause of death in children aged from 1 to 9 years, and 
the fifth leading cause of non-fatal childhood injuries, at a rate of 153 per 100,000 children 
per annum. [1,2] Advances in the treatment, management and rehabilitation of burns have 
improved the survival rate of children with severe burns; however, the rate of burn injuries 
particularly to young children remains high. [3]  
Children aged from 0 to 4 years disproportionately experience a higher number of burns 
regardless of the country’s economic status. [4] In Australia, burns are the leading cause of 
emergency department visits in young children. [5] Within this age group, scalds are the 
leading cause of burn-related injuries, accounting for one-third to one-half of all burns. [4,6–
9] Figure 1 shows the percentage of burn injuries due to scalds in children from birth to 4 
years in high, middle and low income countries; India, [10] Australia, [5,11] China, [12] 
Austria, [13] USA, [14] Peru, [15] Turkey [16] and Ghana [17] Scalds to children from birth 
to 4 years in Australia occur at a rate of 190 per 100,000 per annum. [18]  
 
Figure 1: Percentage of paediatric burn injuries in children under 4 years due to scalds globally. 
49%
53%
63% 65%
67%
74%
82% 84%
India Australia China Austria USA Peru Turkey Ghana
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Scald injuries are painful, and can result in significant morbidity, including physical and 
psychological scarring. [3,19] The psychological distress and anxiety experienced by the 
child, parents and medical staff during and after the burn treatment can be significant, [20] 
with high rates of post-injury psychopathology in young children who experience burn 
injuries. [21]  
In addition to the physical consequences and the ongoing impact on the emotional and 
mental wellbeing of the child and immediate family members, the resulting economic burden 
on the family of the child and the healthcare system is substantial. [22,23] Given that many 
of these childhood injuries will require surgical scar management and rehabilitation for at 
least a decade or more until the child stops growing, the cost of scald injuries is extensive. 
According to the Australian Child Injury Report 2017, injuries caused by heat and hot 
substances accounted for 2.5% of all hospitalisations nationally in children from birth to 16 
years from 2002 to 2012, with a total hospital cost of AUD$83,134,120. [24] Injury-related 
hospitalisations of children for all injury mechanisms are shown in Figure 2, highlighting that 
injuries from heat and hot substances are the fourth leading mechanism for children from 
birth to 5 years.  
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Figure 2: Injury mechanism for injury-related hospitalisations of children aged ≤16 years by age 
group, linked hospitalisation and mortality data, Australia, July 1, 2002 to June 30, 2012.  
Source: Australian Child Injury Report, 2017. [24] 
HOT BEVERAGE SCALDS 
The leading cause of scalds in children aged 0-15 years in Australia is hot beverages, 
accounting for 1 in 5 of all childhood burns treated. This is also true for many other high and 
middle-income countries. [9,11,15,25–29] Hot beverage scalds (HBS) occur predominantly 
in children under two years of age, in the child’s home, and usually result from the child 
reaching up and pulling the cup of hot liquid down over itself. [25] As with other childhood 
burns, and injuries generally, HBS are more common in boys: the male to female ratio 
ranging from 1.2:1 to 1.4:1. [8,12,30] 
HBS injuries are defined as scalds resulting from hot beverages in cups only. The rise in 
HBS injuries started in the 1950s with the introduction of tea bags and instant coffee which 
changed the way hot beverages were consumed. [31] Between 1956 and 2000 HBS 
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superseded scald injuries from teapots, kettles, and hot taps/baths to become the leading 
cause. [31] Despite the high incidence of HBS reported in the literature since the early 
1990s, there has been little progress in understanding, researching or promoting prevention 
activities.  
Few studies have looked solely at HBS in children, and research into interventions aimed at 
preventing them are equally scarce. [25,30,32] One reason for this may be because the high 
incidence of HBS is not accurately reflected in most trauma registries and epidemiological 
studies. [11,26] Many studies that report on scald injuries do not provide a breakdown by 
scald type, nor include figures for HBS specifically. Hot beverage scalds are often grouped 
with scalds from hot foods, fats and cooking oils. This is an artefact of the lack of specific 
code for HBS. Figure 3 shows the external cause codes for burns, according to the 
International Classification of Diseases, 10th Revision (ICD-10), the system used by 
physicians and other healthcare providers globally to classify and code diagnoses and in-
patient (hospital) procedures. This coding is used to track health trends, mortality and 
morbidity. The ICD-10 Australian Modification (ICD-10-AM) includes additional codes for 
clinical use in Australia. As can be seen, there is no specific code for HBS. 
 
Table 1: ICD-10-AM External cause codes for burns. 
ICD-10-AM external cause codes for burns 
X10-X19 Contact with heat and hot substances 
X10 Contact with hot drinks, food, fats and cooking oils 
X11 Contact with hot tap water 
X12 Contact with other hot fluid 
X13 Contact with steam and other hot vapors 
X14 Contact with hot air and other hot gases 
X15 Contact with hot household appliances 
X16 Contact with hot heating appliances, radiators and pipes 
X17 Contact with hot engines, machinery and tools 
X18 Contact with other hot metals 
X19 Contact with other heat and hot substances 
 
In addition, in many epidemiological studies, the number of children who are hospitalised for 
injuries is recorded. However, only a small proportion of children who sustain HBS are 
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treated as inpatients—this has been estimated to be as low as 11% to12% in some studies. 
[7,11,33] Despite the fact that the majority of children with burns and scalds are treated as 
outpatients or through emergency departments, very few studies use outpatient data. [11,33] 
In the UK, on average 110 children per day are treated in emergency departments for a burn 
injury—46 (41%) of these are HBS. [34] Yates, McKay and Nicholson reported that HBS 
accounted for 65% of burns to children under five years presenting at a paediatric 
emergency department in Ireland over a 12-month period. [35] Scalds are more commonly 
treated in the outpatient setting, where they tend to treat younger children, and smaller burn 
sizes—which HBS tend to be. [33] Data from seven burns centres around Australia collected 
by the Burns Registry of Australia and New Zealand over a one-year period (2010-2011) 
show the ratio of paediatric outpatient admissions to inpatients was 3.2:1. [36] Many more 
HBS injuries are treated through local GP practices—most of which are not recorded on 
trauma registries. Therefore, the reported figures for HBS are likely an underestimate of the 
true incidence of this injury, making them a major paediatric public health issue.  
BURN DEFINITION AND CLASSIFICATIONS 
According to the World Health Organisation, a burn is defined as “an injury to the skin or 
other organic tissue primarily caused by heat or due to radiation, radioactivity, electricity, 
friction or contact with chemicals”. [37] A burn is classified by the depth of tissue damage to 
layers of the skin (Figure 4), and this determines its capacity to heal (re-epithelialise). The 
longer it takes for a burn to re-epithelialise the higher the likelihood of scarring.   
Superficial burns involve only the epidermis. They do not usually blister, can be painful, 
and usually heal within seven days. [38] 
Superficial partial thickness burns involve the epidermis and extend into the dermis. These 
burns are characterised by blisters and are very painful due to the exposure of sensory 
nerves. Re-epithelialisation can take 7-14 days and usually result in little or no scarring. [38, 
39] 
Deep dermal partial thickness burns involve the epidermis and most of the dermis; 
however, do no reach the underlying subcutaneous tissue. These burns are less painful and 
take more than two weeks to re-epithelialise, resulting in a scar and often requiring surgical 
closure through skin grafting. [38,39] 
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Full thickness burns involve the epidermis and dermis, extending into the subcutaneous 
tissue. These burns have no sensation to touch, can only re-epithelialize from the edges, 
and are usually closed by skin graft. Healing can take many months, often with significant 
scarring. [38,39] 
 
 
Figure 3: Burn depth classification.  
Source Adapted from image by K Holoski 
The size of a burn is usually described as a percentage of the total body surface area (TBSA) 
covered by the burn. The TBSA is used for large or deep burns that require fluid resuscitation 
to determine burn fluid calculations. The burn size for adults (and children aged 10 years 
and older) is determined using the ‘Rule of Nines,’ which divides the body into sections that 
represent 9% of the body, for example, each arm is 9%, the head/neck is 9%, each leg is 
18%. [38,40] This method is not considered an accurate measure for young children or 
infants as their body proportions are different from adults. For young children, the modified 
paediatric Lund-Browder measure is used, or alternatively the TBSA is determined by the 
patient’s palm size (including fingers), which is approximately 1% body surface area. 
Increasingly, these measurements are being replaced by smartphone applications (apps) 
that calculate the TBSA, as shown in Figure 4 below. The combination of burn depth and 
TBSA are used to determine the severity of a burn injury. [38,39]  
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Figure 4: Screenshot example from an app used to determine TBSA.  
BURN FIRST AID 
Coupled with the high incidence of HBS is the frequent lack of correct burn first aid treatment 
provided at the scene by parents and caregivers, despite strong evidence that applying 20 
minutes of cool running water within 3 hours of the burn occurring significantly improves 
injury outcomes. [41,42] Many studies have reported on the low use, and poor knowledge 
of, burn first aid in the general public [43–45]; and some studies have shown an association 
with lower education levels and socioeconomic status. [44,46] Of particular importance to 
this research is the numerous Australian studies that have noted it is very young children 
who often receive inadequate or no burn first aid. [11,27,45]  
Scalds, like all burns, are horrific injuries that cause pain and long-term physical and 
psychological suffering, but like all childhood injuries, they are preventable. There have been 
many burn prevention campaigns and interventions over the past 30 years. However, 
evidence supporting that these campaigns have been effective is limited, primarily because 
of the lack of adequate evaluation. [47–50] HBS have remained under-studied. Generally, 
they are included as one component of larger scald prevention campaigns that have focused 
on hot tap/bath scalds. [6] Systematic reviews looking at paediatric scald prevention have 
noted some successful campaigns aimed at hot tap/bath scalds, particularly those that have 
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included engineering solutions such as thermostatic mixing valves to control hot water 
temperatures, together with safety education and home safety visits. [50–52] Some 
effectiveness of safety education (such as cooking on the rear burners and keeping pot 
handles toward the back), home safety assessments, and nurses’ home visits has been 
demonstrated in kitchen and cooking safety campaigns. [50,53] Very few studies have been 
aimed at safe food and drink handling. In one study, families tested the temperatures of food 
heated in the microwave. [54] Most other studies aimed at keeping hot food and drink out of 
reach through tailored safety advice, home safety education, or free/reduced cost home 
safety equipment. However, these interventions resulted in little or no effect. [50,52]  
There is a lack of evidence showing the effectiveness of interventions, which have included 
HBS as part of a wider scald prevention campaign, in reducing HBS injury rates. 
CONCLUSION 
Given the high incidence of hot beverage scalds, the significant physical, psychological and 
financial burden associated with these burns, the concerns regarding poor first aid 
application and limited prevention campaign success, research is urgently needed to 
prevent and reduce the long-term effects of this major paediatric public health issue. The 
aim of this research was to address these concerns: firstly, by understanding the intricacies 
of HBS injuries; and, secondly, by developing and implementing an intervention aimed at 
increasing awareness to ultimately reduce them.  
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THESIS OVERVIEW 
This thesis is presented in 11 chapters, with Chapters 4 to 10 based on a linked series of 
peer-reviewed publications. 
Chapter 2 is a narrative literature review, in which the epidemiological characteristics of 
HBS are explored, together with the importance of correct burn first aid as a secondary 
prevention strategy. Injury prevention and behaviour change theories that underpin this 
research are discussed, along with the use of smartphone app-based technology and 
gamification techniques as innovative methods for delivering health-related interventions. 
Chapter 3 presents the aims and objectives, which were developed based on the findings 
from the literature review. 
Chapter 4 presents the findings from Stage 1—a retrospective trend analysis of HBS injuries 
to determine what (if any) changes had occurred in the proportion, setting and mechanism 
of HBS since a paper published by Dewar et al in 2004 at the same burns centre 10 years 
earlier.  This is a published paper.  
Chapter 5 presents the results from Stage 2—a cross-sectional survey relating to young 
children presenting with HBS at a major paediatric burn centre in Brisbane, Australia, over 
a 12-month period. This survey was undertaken to provide a better understanding of the 
circumstances surrounding HBS injuries in terms of setting, supervision and burn first aid. 
This is a published paper. 
Chapter 6 presents the findings from Stage 3. Given the low use and poor knowledge of 
burn first aid noted in Stages 1 and 2, and the high proportion of participants in Stage 2 who 
reported their primary source of burn first aid information was the Internet, a content analysis 
of burn first aid information available online was conducted.  This is a published paper. 
Chapter 7 is the first chapter relating to Stage 4. Based on the findings from Stages 1, 2 
and 3 of this research, as well as the literature, a HBS prevention intervention delivered by 
smartphone app was developed. Cool Runnings was a two-group, single blinded, parallel 
randomised controlled trial (RCT) targeting Queensland-based mothers aged 18+ with at 
least one child aged 5-12 months. The protocol for this RCT is described in this chapter.  
This is a published paper. 
Chapter 8 is the second paper relating to Stage 4, and relates to the methodology for 
recruiting mothers into the Cool Runnings RCT via social media. This is a published paper. 
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Chapter 9 is the third paper relating to Stage 4. In this chapter, data obtained from all 
participants in the RCT at baseline are analysed. Specifically, burn risk and burn first aid 
knowledge of all participants (498 Queensland mothers enrolled in Cool Runnings) is 
investigated, in order to determine potential predictors of poor knowledge regarding burn 
risk and burn first aid. This paper has been submitted for publication and is under review. 
Chapter 10 is the final paper relating to Stage 4. In this paper, the results of the RCT of the 
six-month intervention (Cool Runnings) are presented. This paper has been submitted for 
publication and is under review. 
Chapter 11 is the Discussion. In this chapter, an in-depth discussion of outcomes from the 
four stages that make up this research is presented, in the context of strengths, limitations, 
and previous literature. Implications of this research, as well as recommendations and future 
directions arising from this research are also presented. 
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CHAPTER 2: LITERATURE REVIEW 
HOT BEVERAGE SCALDS 
Hot beverage scalds (HBS) are the leading cause of burn injuries in young children. [1,2,3,4] 
A review of paediatric scalds between 1956 and 1991 compared data from six burn units in 
five countries (Australia, Denmark, Canada, Holland and Britain) and noted the quadrupling 
of scalds incidence from cups of hot liquid (from 8.9% to 42.5%) over the 35-year period. [5] 
This significant increase was in stark contrast to the decrease in scalds incidence from 
teapots and kettles (20.8% to 2.7%) during the same period. The authors postulated the 
introduction of instant coffee and tea bags in the late 1930s and 1950s, and the way these 
drinks were prepared, had a direct link with this observed change in scald injuries.   
Recent studies confirm that HBS remain a global problem. [6,7,8,9] For instance, in Ireland 
in 2014, 57% of hospital admissions for paediatric burn injuries were for children under three 
years of age, and 74% were from scalds—of which 33% were from hot beverages. [10] In 
Austria, between 1988 and 2012, 71% of paediatric burn admissions were children under 
five years, 65% were from scalds, and 66% of these were from hot beverages. [11] In 
Lithuania, between 2001 and 2010, 45% of paediatric burn admissions were children under 
two years, 96% were from scalds, and 40% of these were from hot beverages. [12] The data 
from these three studies are based on hospital admissions. As described in Chapter 1, 
hospitalisation data reflect only 11-12% of the HBS injuries in children—the remainder were 
treated at emergency departments or elsewhere. Hence, the true rate of this injury is 
estimated to be much higher than reported.  
While the incidence of HBS remains high, changes to topical treatment options and 
management have resulted in better injury outcomes. The introduction of silver- 
impregnated dressings, such as Acticoat™, over the past 10-15 years has led to faster 
wound re-epithelialisation and a reduction in the number of injuries requiring grafting and 
long-term scar management. [13-15] Changes from daily dressing changes to twice-weekly 
or weekly have also allowed burn patients to be treated as outpatients, thereby reducing 
hospital admissions. 
As well as the pain and suffering inflicted by this injury, there are broader factors that should 
be considered when looking at the true impact of HBS injuries. The physical burden, and 
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financial and emotional costs of HBS have a significant effect on families, the community 
and the health care system. 
THE FINANCIAL COST OF HOT BEVERAGE SCALDS 
In Australia, figures from the 2007-08 financial year show the cost of all burn injuries was 
AUD$195 million. [16] This included treatment for the acute injury, as well as rehabilitation 
and the subsequent loss of income. In a recent systematic review, the mean cost of 
treating a burn was estimated at USD$3,880 per 1% TBSA (up to 10%TBSA). [17] In the 
United Kingdom (UK), the average cost of treating a minor scald (<10% TBSA) is 
GBP£1,850 (AUD$3,324). [18] In children, this figure may be higher as scar management 
and surgical procedures continue until children stop growing. In the United States (US) 
between 2003–2012, the average cost per hospital stay for scald injuries in children under 
five was between USD$40,000 to USD$50,000. [19] In children under two years, the costs 
for treating scald injuries are higher than any other burn type. [19,20] In addition to the cost 
of the treatment immediately following the injury, there are costs associated with 
rehabilitation, and to families and the economy when parents take time off work to care for 
an injured child. Cooper et al [21] calculated the direct and indirect short-term costs to the 
healthcare system and families for common injuries in children under five years (falls, 
poisoning and scalds) and found scald injuries accrued the highest costs for families, and 
the healthcare system.  
THE EMOTIONAL COST OF HOT BEVERAGE SCALDS 
HBS injuries can also have an emotional toll on both the child and family. While most HBS 
injuries result in little or no scarring, in up to 20% of cases, the child can be left with life-long 
scars. [1] The pain, itching, continued surgical interventions, coping with changes in 
appearance, and people’s reaction to scars and disfigurement can lead to psychosocial and 
psychological difficulties. [22,23]  
Research has shown the psychopathology associated with post-burn adjustment is not 
predicted by the child’s age, burn size or location of burn, but rather by the quality of family 
support. [23,24] This is particularly relevant to very young children who are reliant on 
parental support during dressing change procedures, and ongoing treatment. Children and 
parents of children with burns often suffer from posttraumatic stress symptoms. [25,26] A 
 
 
28 
child’s pain and distress levels can influence the parent’s coping and distress levels, which 
in turn effect the child’s distress levels. [27,28] This is a perpetuating cycle, particularly in 
light of research that shows this heightened acute stress and anxiety can have a negative 
effect on wound healing. [29]  
Given the high physical, emotional and financial costs associated with HBS, there is an 
urgent and compelling need for effective prevention strategies.  In order to develop these 
strategies, it is essential to have a detailed understanding of the risk factors and 
epidemiological characteristics of hot beverage scald injuries. 
EPIDEMIOLOGICAL PROFILE OF HOT BEVERAGE SCALDS 
Who: In children, the prevalence of HBS peaks at age 6 to 24 months. [1,2,30] From nine 
months of age motor skills are developing, and mobility, curiosity and a desire to imitate 
adults is increasing. However, this age group lacks a sense of danger and awareness, and 
may have a delayed withdrawal from heated liquid/objects. [31,32] Temporary peaks in 
injury rates have been noted at time points when children are acquiring new developmental 
milestones (e.g., pulling themselves up to a standing position and learning to climb). 
[31,33,34] Figure 5 shows the distribution of HBS presenting at the Royal Children’s 
Hospital, Brisbane, between 1999 and 2002. [1] This age distribution pattern is consistent 
with other literature. [31,32,35] Males are at slightly higher risk of HBS than females, 
[36,5,37] but not to the extent seen in burn injuries in older children. [2,38,39] 
 
Figure 5: Distribution of hot beverage scalds by age.  
Adapted from "Hot beverage scalds in Australian children" by Dewar et al, 2004. [1] 
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What: HBS injuries usually affect less than 10% of total body surface area (TBSA). 
[1,38,40,41] The majority of these scalds involve the anterior torso, upper limbs, face and 
neck, [4,39] with the scald extending from the first point of contact to the area to which the 
hot liquid flows, [2] as shown in Figure 6. While HBS typically result in superficial partial 
thickness injuries, young children are at greater risk of deeper burns because they have 
thinner skin than older children and adults. [37,42,43] It is estimated that a young child will 
sustain a scald injury in a quarter of the time that would be required in an adult. [44] 
 
 
Figure 6: Typical hot beverage scald pattern.  
Source: photos archived from the Pegg Leditschke Paediatric Burns Centre. Used with permission.  
 
Where: Overwhelmingly, HBS occur in the child’s home, particularly in the kitchen, when the 
hot drink is being prepared or is placed on a countertop or table. Scalds in the dining and 
living rooms are also common with the drink placed on the floor or a low table. [1,7,42,45] 
When: Most HBS take place during food and drink preparation, when the supervising adult 
may be distracted. Only one study in the literature has detailed the peak time of day for HBS 
specifically, which was between 6am to 9am, with smaller peaks occurring around 11am, 
and from 6pm to 8pm. [1] Reported seasonal variations were inconsistent. 
Why: Children aged between 6-24 months undergo rapid developmental changes, and have 
newly acquired independent mobility and natural curiosity, but often have not developed 
cognitive awareness of dangers and hazards. These young children are usually under the 
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supervision of parents or caregivers, which is critical given the aforementioned limited 
cognitive skills and developing motor skills. The majority of HBS are witnessed by the 
parent/caregiver. [1,18,46] With the rapid changes in developmental stages, parents and 
caregivers may be caught off guard in terms of preventative strategies and safety proofing, 
and may underestimate the infant’s potential reach, and ability to crawl, pull up and walk. 
[47] Relatives and older siblings left in charge of infants may be unaware of changes in their 
mobile capabilities, which can occur unexpectedly. Educating parents and caregivers about 
the risks, severity and frequency of these injuries may make them more vigilant when 
supervising young children. 
The role of supervision in child injury risk is well documented. [48-50] Adequate supervision 
of young children involves more than just knowing the child’s whereabouts and what they 
are doing. It involves observing them and being able to directly intervene to stop a risky 
activity. [48] Inadequate supervision is often cited as a primary contributing factor in 
childhood injuries [51], with one study finding that low levels of supervision resulted in a five-
fold increased risk of unintentional injury. [52] Morrongiello [48] has proposed that 
supervision of young children includes three dimensions of behaviour: attention (watching 
and listening); proximity (within versus beyond reach); and, continuity of attention 
(constant/intermittent/not at all). Close attention and proximity are particularly relevant for 
infants and toddlers who do not respond to verbal directives, and do not have cognitive 
awareness of danger. The detail around ‘supervision’ in HBS is not well known and is often 
not recorded. 
How: The main mechanism for HBS is the child reaching up and pulling a cup of hot liquid 
down onto itself; resulting in the scald pattern mentioned previously. [1,41] Other 
mechanisms include splash burns from the child knocking or spilling a hot beverage 
container, and from another person spilling the beverage on the child. Pre-mobile infants are 
also at risk of HBS although the mechanism is usually parent/caregiver-induced, occurring 
when the parent/caregiver is holding the child at the same time as the hot beverage. [35,45] 
There is some inconsistency in relation to duration of exposure and minimum temperature 
required to cause a significant injury. Some studies indicate that exposure to hot fluids (65°C) 
for just two seconds can result in a significant scald. [45,53] However, a recent study on 
porcine models suggests temperatures must exceed 80°C for five seconds in order to result 
in a significant scald. [54] Young children are particularly vulnerable as their skin is thinner 
than an adult’s and are therefore more likely to sustain a more serious injury from minimal 
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exposure to hot liquids. [42,43] Given that a freshly brewed cup of black tea or coffee 
remains hot enough to scald after 10 minutes cooling time (5 minutes for hot beverages with 
milk), the scald injury risk period is considerably longer than many parents and caregivers 
may realise. [55] The relatively small volume of hot liquid in a cup may also lead parents and 
caregivers to unwittingly underestimate the inherent danger. 
This epidemiological profile provides a good starting point in understanding the risks, setting 
and mechanism of HBS injuries, which can be used to inform preventative strategies. 
Importantly, despite an abundance of data and clear evidence of the high incidence of HBS, 
little has been done to prevent these specific injuries. 
SECONDARY INJURY PREVENTION—BURN FIRST AID 
Primary prevention of hot beverage scalds is the most effective way of reducing these injuries; 
however, secondary prevention in the form of optimal burn first aid is also important due to 
the impact it has on burn injury outcomes.  
Burn first aid incorporates four elements: removal of clothing and jewellery from the burn 
area; applying cool running water; covering the wound with cling film or a clean cloth; and 
seeking medical help. The Australian and New Zealand Burns Association (ANZBA) defines 
correct burn first aid as cool running water applied for 20 minutes or more within three hours 
of the injury occurring. [56] Treating burns with water is not a modern concept, in fact it is 
one of the earliest recorded by Galen (AD 129-199). [57] There is now strong evidence that 
applying cool running water to a burn for at least 20 minutes improves wound healing by 
reducing burn depth, providing pain relief, faster re-epithelialisation, improved scar 
management and shorter hospital stays. [58-61] Several studies have shown a significant 
decrease in surgical interventions when adequate first aid is applied. [58,62-64] 
Unfortunately, there is also evidence that there is a low level of knowledge and use of correct 
burn first aid in the general public. [7,65-68] 
Australian and global studies report high rates (50% to 80%) of burn patients receiving 
inadequate or inappropriate first aid, and many receiving no first aid at all. [7,66,68-72] 
These low rates of adequate first aid treatments have been reported irrespective of burn 
size. Of concern is that in several studies involving very young children (0-3 years), the 
majority received inadequate burn first aid by carers at the scene; in one study 50% of 
children received no treatment at all. [38,69,73] This is important given that a considerable 
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proportion of HBS injuries fall into this age bracket. In addition, there is some evidence to 
suggest that adequate provision of burn first aid is less frequent in vulnerable populations, 
including people with lower education levels and socioeconomic status, and ethnic 
minorities. [7,74] 
Despite the evidence confirming 20 minutes of cold running water as the optimal burn first 
aid treatment, several studies have reported that parents and caregivers of children who 
sustain a burn injury initially cool the burn with water, but rarely for the recommended 
duration of 20 minutes. [7,38,46,66,67] It has been estimated that only 20% of parents and 
caregivers apply cool running water for the recommended time. One possible reason for this 
is the wide variation and inconsistency in information regarding recommended treatments 
available to the public. [65] Other reasons include: that parents panic when the injury occurs; 
that 20 minutes seems excessive with young children during the crisis event; or, that 20 
minutes seems unachievable particularly for a parent who may be on their own with multiple 
children to supervise. More research is needed to understand why parents/caregivers do 
not apply water for the recommended duration time. 
It is not surprising that there is confusion about burn first aid among parents and caregivers 
as there are also variations in burn first aid treatment recommendations between countries 
and organisations within countries. [74] One study of health-care workers reported that only 
19% correctly answered questions about burn first aid. [66,75] The inconsistent messages 
around correct burn first aid treatment facilitates continued application of inappropriate and 
potentially damaging treatments like ice, burn gel or ointment, toothpaste, honey, dairy 
products and eggs. [69] 
Sourcing accurate first aid information can be difficult. Commonly reported sources of first 
aid information include first aid training, first aid books, the Internet, medical professionals, 
and friends and family. [65] While some studies [65,75] indicate that those with first aid 
training are more knowledgeable about burn first aid, others have found that first aid training 
is not a significant predictor of burn first aid knowledge. [76,77]  
The Internet is a popular source of health information; according to Google, 20% of all 
searches using its search engine are health-related. [78] Although there is an abundance 
of information available, the quality and accuracy of this information has raised concern. [79] 
There is only one previous study in the literature in which burn first aid information on the 
Internet has been investigated. This study identified very few websites with accurate 
information, and reported that information on the majority of others was poor quality. [80] 
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These findings were reflected in a population-based study that found people who used a 
variety of sources to obtain first aid information had better knowledge about correct burn first 
aid treatment than those who used the Internet as their only source of information. [65] For 
all these reasons, it is not surprising that incorrect burn first aid treatments continue. 
Given the improved injury outcomes that result from correct burns first aid treatment, it is 
important that parents and caregivers of very young children, as well as the broader 
community, are made aware of the importance of correct burns first aid. 
INJURY PREVENTION AND BEHAVIOUR CHANGE THEORY 
Injuries are not accidents; they are predictable and therefore preventable. [81] Specific 
injuries, such as HBS, share similar characteristics of person, place and time. Understanding 
the aetiology of these and other injuries helps in the development and implementation of 
effective prevention interventions. 
There are several main theoretical concepts and tools used in injury prevention to better 
understand and identify the risks of specific injuries and develop prevention initiatives to 
address and reduce them. These are often used interchangeably and crossover in many 
aspects. They include: 
• Haddon’s Matrix  
• The Public Health Model 
• Passive and active interventions 
• The 3 Es of injury prevention—education, enforcement and environment. 
Haddon’s Matrix [82] provides an epidemiological approach for understanding the 
influences that cause an injury (host, agent and environment) across three dimensions that 
correspond with the concepts of primary, secondary and tertiary prevention (relating to pre-
event, event, post-event). [83] This framework has been used extensively to identify risk 
factors to address through injury prevention initiatives.  
The Public Health Model applies a systematic, scientific approach to understand and prevent 
injury. [81] The model is a 4-step process with each step informing the next, from 
understanding the problem to developing, implementing and evaluating prevention 
strategies to reduce the injury. Figure 7 shows how this model was used for hot beverage 
scalds in this current study. 
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Figure 7: Public Health Model applied to hot beverage scalds. 
There are two approaches to injury prevention—active and passive. Active (behavioural) 
interventions rely heavily on actions taken by an individual, whereas passive (structural) 
interventions rely on products or environments to make them safer, and do not rely on the 
efforts of individuals to be successful, although some level of behaviour change is usually 
needed. [84] Passive interventions have made worthwhile gains in burn prevention. 
Recognising the high rates of scald injuries caused by hot taps, flammable children’s clothing 
and burns from house fires, passive interventions through legislation and product 
development led to regulations regarding tempering hot water in the home to below 50°C, 
making children’s sleepwear flame-retardant, and the installation of smoke alarms. [85,86] 
However, to make these passive interventions work, people must be prepared to actively 
play their part; for example, replace batteries in their smoke alarms and arrange and pay for 
tempering valves to be installed etc. 
The 3 Es of injury prevention (education, enforcement and environment) were developed 
by Susan Baker in 1973 as criteria for effective injury prevention strategies. [87] She 
argued that a multi-tiered public health approach that combines education, enforcement 
and the environment offers the most effective strategy for prevention. [88] However, this 
is not always possible. Education is used to inform and raise awareness at either an 
STEP 1: Define the problem (who, what, where, when, 
how)
•leading cause of burns in children treated in hospitals or EDs (18%-
21%)
•many more treated at GP clinics or outpatients' departments
STEP 2: Identify risk and protective factors
•developmental changes in children under 24 months
•'adequate' supervision
•burn first aid
STEP 3: Develop and test prevention strategies
•Cool Runnings RCT developed based on literature, findings from 
Stages 1-3, and theory. RCT then implemented and evaluated
STEP 4: Assure widespread adoption
•Broader implementation of Cool Runnings, if RCT is proven 
effective
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individual or community level in order to increase knowledge, change attitudes, and 
ultimately encourage behaviour change. Education is an active approach, and works best 
when combined with passive approaches such as environment and enforcement. 
Enforcement of legislation and policy is a passive approach that has been used very 
successfully; for example, in reducing traffic related injuries through seat belt use. 
Changing the environment is another passive approach that uses product design and 
engineering strategies to prevent injuries. These approaches are arguably more effective 
because in the injury event, they do not require active participation by the participants in 
order to lessen or prevent the injury (for example vehicle air bags, pool fences, bars on 
windows). These types of intervention are particularly attractive when dealing with injuries 
in children, because, by nature, children are generally unable to actively prevent their own 
injuries. Since Baker introduced the 3 Es model in the 1970s, additional ‘Es’ have been 
added, such as economic, evaluation and empowerment. Environment has also been 
divided to encompass both the physical and social environments. 
One reason there have been few interventions aimed specifically at HBS may be the 
perceived difficulty in achieving success. A passive approach is unlikely given that it is likely 
impossible to regulate how or where people drink hot tea or coffee. Several studies have 
suggested passive prevention approaches to HBS through cup design [55,89]; such as wide-
based slip-proof cups, lidded cups to reduce the amount of spill (like travel mugs), or cups 
that visually warn people of high temperatured content inside. [90-92] However, there are 
no studies in the literature that evaluate the efficacy of these designs. As noted above, 
passive approaches often require effort on the part of the individual, so to be successful, 
people need to have awareness and feel compelled to use these cup designs, which may 
be not be practical or acceptable. [93] The bulk of the literature focuses on the need for 
active interventions based on scald epidemiology through education, in order to raise 
awareness of injury risks and inform preventative actions. [7,31,37,62,94-97] However, 
changing people’s awareness about an injury risk does not automatically change their 
behaviour. [84] Therefore, it is essential to incorporate behaviour change theories and 
methods into injury prevention interventions. [98] 
Education, as an active intervention approach, requires individuals to take action in order to 
be successful. The Health Belief Model [99] suggests that for behaviour change to succeed, 
individuals must have the incentive to change, must feel threatened by their current 
behaviour, and must feel that a change will be beneficial and at an acceptable cost. [100] 
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They must also feel competent to implement that change. In terms of preventative injury 
efforts by parents, educational strategies must increase parents’ beliefs about their child’s 
risk of injury while simultaneously increasing parents’ competency to intervene. [101] 
Parents are more likely to take preventative measures once they acquire the relevant 
knowledge about the injury and its consequences, as well as the behaviours that result in the 
injury, and the behavioural skills required to prevent the injury. Therefore, it is important that 
any interventions aimed at preventing HBS include information about the risk factors 
associated with developmental milestones in relation to HBS, as well as correct burn first 
aid treatments, and some information about the consequences of HBS.  
Rather than being addressed specifically in prevention campaigns, HBS are often included 
in broader scald prevention campaigns. These campaigns have tended to focus more on 
hot tap/bath scalds, perhaps because these scalds are associated with more deaths and 
hospitalisations than any other scald injury in young children [102], or possibly because 
these scald prevention campaigns can utilise passive approaches which combine 
enforcement and engineering with education. 
Of the scald interventions that have been undertaken, few have been evaluated as effective. 
[45,85,92] However, this may be due to lack of adequate evaluation. While some 
interventions have evaluated the intervention’s efficacy by measuring changes in knowledge 
and behaviour, few have evaluated change via objective measures such as changes in 
incidence rates. Hence, it is difficult to determine what works and what does not. 
[85,103,104] As illustrated in the Hierarchy of Injury Outcome Measures, developed by Dr 
Frederick Rivara [105] (shown in Figure 8), even though the ultimate outcome measure is to 
reduce the number of injuries (or death), this may take a long time to achieve. This hierarchy 
is useful for recognising the layers that can be identified as measures of success.  
Knowledge and attitudes rank low because they do not always lead to behaviour change. 
[105,106]  
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Figure 8: Hierarchy of injury outcomes.  
Adapted from “Injury prevention in an urban setting: challenges and successes” by Laraque et al, 
1995. [106] 
Overall, there is no consistent evidence regarding the prevention of hot beverage scalds in 
children. Hence, a new approach is needed. 
INNOVATIVE NEW TECHNOLOGY 
Innovative new technologies, such as smartphones, present an easy way to deliver 
individual-level injury prevention messages via third-party software applications (apps). 
Smartphones have become increasingly affordable and available, resulting in a steep 
increase in smartphone ownership in the past five years, [107,108] with 70% of the global 
population predicted to own a smartphone by 2020. [109] In countries with the highest 
smartphone ownership (South Korea, Sweden, Netherlands, Spain, Australia, US) this rate 
is estimated to be between 77% and 90%. [109,110]  
Smartphone ownership appears to cross socioeconomic boundaries [111], with studies 
showing ownership amongst homeless adults, rural communities, Indigenous populations, 
low-income adults and the elderly on the rise. [108,112-114] Some data suggests that 
Deaths
Hospital 
admissions
Emergency department  
visits
All medically treated injuries, 
including hospital, urgent care 
and doctors' offices 
Direct observation of behaviour or 
observation of the physical environment
Monitoring public policy or practice related to 
injuries and their prevention
Measures of self-reported behaviours
Measures of knowledge, attitudes, beliefs and intentions
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homeless adults over 18 years in major cities in Australia are more likely to own a 
smartphone than Australians generally, taking advantage of free Wi-Fi hotspots and 
internet access in public libraries to reduce costs and stay connected. [115] Compared to 
mobile phone owners, smartphone owners are more diverse in terms of age, household 
income and education levels. [107]  
This rise in smartphone ownership has been accompanied by a rise in smartphone apps; 
6 million in the two leading app stores alone (Google Play: 2.8m, Apple app store: 3.2m). 
[116] Of these, 259,000 are health-related apps. [117] Smartphone apps provide an 
accessible channel for disseminating health information, promoting healthy behaviours 
and managing chronic diseases. The body of evidence regarding the use of app 
technology in these settings is growing. Recent studies have shown positive results from 
app use for promoting specific behaviour, including physical activity, weight control, 
medication adherence, sun protection, and contraceptive use. [118-122] There is also 
good evidence regarding app-based programs and interventions aimed at managing 
specific conditions, such as pain, depression and anxiety, diabetes, asthma and other 
chronic diseases. [118,123]  
Many ‘health-related’ apps are developed purely from a commercial standpoint, without 
involvement from healthcare professionals or evidenced-based content, and have not 
been tested for effectiveness. Although more recent reviews have demonstrated that some 
apps can be effective, other studies criticise the lack of theoretical underpinning, scientific 
evidence and/or rigorous evaluation in the design and content of health-related apps. [123-
127]  
The low cost, scalability and broad reach of smartphone apps make their use a compelling 
channel for intervention delivery compared to traditional broadcast models such as 
television, radio and printed media. This medium is personal (individualised and targeted) 
and portable (always on), allowing people the flexibility to view information at a time which 
is convenient to them. [128] With the right theory and rigour included in the development of 
an app-based intervention, this channel shows much promise. To date no studies have 
looked at smartphone app-based delivery of injury prevention messages.   
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GAMIFICATION 
Another recent strategy being used by app developers is gamification. Gamification is the 
process of applying game-like rewards and activities to non-game settings to increase 
motivation, engagement and move people towards preferred behaviour. [129] Gamification 
techniques have been widely adopted in commercial companies wishing to engage and 
retain their customers, and in workplace health initiatives. [130,131] These techniques are 
also being used as a strategy to influence health-related behaviour change, with increasingly 
positive results. [128]  
Research suggests gamification—combining gaming elements with behaviour change and 
motivation theories—can engage users in ways that increase their motivation to adopt 
healthy behaviours. [131-133] One of the reasons for using gaming elements such as 
rewards, badges and leader-boards in health behaviour apps is their ability to motivate— 
and motivation is a major factor in health-related behaviour change. [133] 
Using the lens of Self-Determination Theory (SDT) gamification capitalises on the 
motivational drivers of game elements to increase participants’ intrinsic motivation. [134] 
SDT relates to the psychological motivation behind people’s choices, particularly intrinsic 
and extrinsic motivation. Intrinsic motivation relates to internal rewards, or doing something 
because it is of interest or satisfying in itself. Extrinsic motivation is doing something to obtain 
an external reward or goal. Research shows intrinsic motivation is important for long-term 
behaviour change, and when self-determination and self-efficacy is high, behaviour is more 
likely to occur repeatedly. [99,134,135] People often seek out and engage with activities if 
they satisfy three intrinsic motivational needs: 
• Competence—achievement, mastery, challenges and recognition. 
• Relatedness—belonging, meaningful connection, communities of interest.  
• Autonomy—freedom, control, meaningful choice.  
App-based interventions can integrate gamification elements to meet these motivational 
needs through game elements and rewards, as shown in Figure 9. 
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Figure 9: The different interacting factors of gamification.  
Source: Adapted from Andrzej Marczewski, Gamification: A simple introduction, 2013 
While extrinsic motivation and rewards can be useful initially to attract people to participate 
in a service or download an app, intrinsic motivations and rewards need to be incorporated 
in the initial stages as they are more likely to result in the adoption of a behaviour or 
knowledge (learning). [134,136] Continuing, or adding extrinsic rewards like cash and 
vouchers to a task that is intrinsically motivating has been shown to diminish intrinsic desire 
or satisfaction. [134,136,137]   
As with smartphone apps, there are still some reservations among researchers about the 
effectiveness of gamification in health-related interventions; however, as experts in 
persuasive game design, psychology, and other disciplines work together, and more 
rigorous evaluations are published, this may dispel some of these concerns.  
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CONCLUSIONS AND IMPLICATIONS FOR THIS RESEARCH THESIS 
Numerous studies have highlighted the high incidence of hot beverage scalds injuries in young 
children. This marks HBS as a priority area for research yet surprisingly little has been done to 
understand the factors surrounding this injury, nor interventions to reduce and prevent it. The 
literature continually points to the low use of optimal burn first aid, particularly in young children. 
This finding further highlights the need for secondary prevention education to be included with 
any interventions aimed at HBS, or in fact, any burn. 
Although the broad aetiology of HBS is reported in the literature, not much is known or recorded 
about the circumstances surrounding the injury—before, during or after. Without this detailed 
knowledge, it is impractical to develop interventions aimed at reducing HBS. As shown in the 
literature, there have been successes in terms of childhood burn prevention. Those 
interventions with demonstrated effectiveness mostly involve passive approaches such as 
legislation, engineering, technical and manufacturing strategies that require minimal input on 
the part of individuals (or their caregivers). These strategies are not applicable to HBS 
prevention; therefore, prevention campaigns must rely on raising awareness and changing 
knowledge and behaviour in individuals in order to reduce the incidence rate.  
Fortunately, there are innovative new channels for delivering education messages to the public. 
Smartphone apps and gamification techniques are increasingly being used for health 
behaviour change. While many researchers were initially sceptical, recent studies have shown 
significant success in using these methods, particularly if they have been developed with the 
inclusion of behaviour theory and scientific evidence underpinning them. The success of these 
new methods, combined with their low-cost and scalability make them an ideal channel for 
injury prevention initiatives.  
Understanding HBS and the circumstances surrounding them more fully, and determining the 
risk factors and protective factors associated with the injury, are valuable from a research 
standpoint and critical from a paediatric public health point of view, especially if it leads to a 
reduction in young children suffering from these horrific injuries. Gaining this understanding 
and using this knowledge to inform an intervention using gamification techniques to increase 
awareness and ultimately reduce these injuries, is the aim of this research.   
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CHAPTER 3: AIMS AND OBJECTIVES  
This research has two purposes: firstly, to provide a greater understanding of the 
mechanisms whereby and the settings wherein HBS occur, and the circumstances 
surrounding those injuries in terms of supervision and first aid treatment; and, secondly, to 
apply this understanding to the development and implementation of a HBS prevention 
intervention (Cool Runnings), and evaluate its effectiveness.  
This research was conducted in four stages. Each stage was designed to develop 
knowledge and inform the subsequent stages, to support the HBS prevention intervention 
conducted in Stage 4.  
• Stage 1 – Retrospective trend analysis, to identify changes (if any) in the proportion, 
mechanism, severity and outcomes of HBS over the past 10-years (Chapter 4). 
• Stage 2 – Cross-sectional survey, to elicit more detailed information on the 
mechanism, setting, supervision, and first aid use in children with HBS presenting at a 
major paediatric burn centre (Chapter 5). 
• Stage 3 – Web content analysis, to determine the accuracy of burn first aid information 
available on the Internet (Chapter 6). 
• Stage 4 – Randomised controlled trial, to develop, implement and evaluate an 
awareness and prevention intervention about scald risk factors and burn first aid 
treatment, targeting mothers of young children (Chapters 7-10). 
The four-stage research process reflects three of the four steps of the current Public Health 
Model as shown in Table 2.  
Table 2: Alignment of the steps of the Public Health Model with the four stages of this thesis. 
Steps in Public Health Model Stages of this research 
Chapters in this 
thesis 
Step 1 – identify the nature and size of the 
injury 
Stages 1 and 2 Chapters 4 and 5 
Step 2 – understand the risks and protective 
factors associated with the injury 
Stages 2 and 3 Chapters 5 and 6 
Step 3 – develop and evaluate effective 
intervention 
Stage 4 Chapters 7 to 10 
Step 4 – widespread adoption Beyond the scope of 
this research 
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AIMS 
To develop a smartphone-based app injury-prevention intervention aimed at increasing 
mothers’ knowledge, through age-relevant messages, of the frequency, severity and risk 
factors for HBS in young children, as well as knowing how to apply the optimal first aid 
treatment should a scald or burn occur.  
OBJECTIVES 
• To describe the mechanisms whereby, and settings wherein, HBS occur in young 
children. 
• To determine at-risk groups for whom targeted scald injury-prevention messages 
should be delivered. 
• To determine the knowledge, attitudes and behaviours of parents with young children 
about hot beverage scald risks and their first aid knowledge. 
• To evaluate the usability, accessibility and accuracy of burn first aid information 
available on the Internet. 
• To evaluate the use of an app-based intervention as a channel for delivering an injury-
prevention intervention. 
• To evaluate the use of gamification techniques in an injury-prevention campaign 
focusing on HBS. 
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CHAPTER 4: HOT BEVERAGE SCALDS IN AUSTRALIAN CHILDREN—
STILL SIMMERING 10 YEARS ON 
This chapter is presented as published in Journal of Burn Care & Research. 
Citation: Burgess JD, Kimble RM, Cameron CM, Stockton KA. Hot beverage scalds in 
Australian children: Still simmering 10 years on. Journal of Burn Care & Research. 
2016;37(4):e335–e339. 
 
CHAPTER 4 FOREWORD 
This chapter relates to Stage 1 of this thesis. As a starting point for the research, and based 
on the first step of the Public Health Model, this study was conducted to determine the 
proportion of hot beverage scalds to children presenting at a major paediatric burns centre 
in Brisbane, Australia. The purpose of this study was to gather data on HBS injuries in 
order to have a better understanding of the size of the problem and who it was affecting. 
In 2004, Dewar et al reported on children presenting with HBS at the same paediatric burns 
centre from 1999 to 2002 and found these injuries accounted for 18% of all childhood burns 
treated during that period. More than ten years have passed since this study so a 
retrospective trend analysis was conducted to compare data between the two time periods: 
1999 to 2002 versus 2013.  
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ABSTRACT 
Objective 
To describe the proportion, mechanism, severity and outcomes of hot beverage scald 
injuries in children presenting at a major burns centre in 2013, and compare these results 
with data collected at the same centre 10 years previously.  
Design 
Cross-sectional trend analysis 
Setting 
The Stuart Pegg Paediatric Burns Centre (SPPBC), Royal Children’s Hospital, Brisbane 
Participants 
Children aged 0 to 14 years presenting to the SPPBC between 1 January and 31 December 
2013.  Historical cohort presentations between 1 July, 1999 and 31 June 2002.   
Main outcome measures 
Differences in the proportion, mechanism, severity and outcomes of hot beverage scalds in 
paediatrics from 1999-2002 and 2013.  
Results 
Of the 759 children treated for burns and scald injuries at SPPBC in 2013, 133 (18%) were 
caused by hot beverages. While there has been no change in the proportion, injury 
mechanism or age groups affected in the past 10 years, there has been a significant change 
in the number of children being admitted to hospital (52% v 11% in 2013, p<0.001), requiring 
split skin grafts (18% v 5% in 2013, p<0.05), and long-term scar management (26% v 11% 
in 2013, p<0.05).  
Conclusion 
Moving from Silvazine™ to Acticoat™ as the primary burns dressing at SPBBC from 2003, 
and the increased application of first aid, are likely to have played a role in the decrease in 
admissions, skin graft and scar management requirements. However, hot beverage scalds 
remain the leading cause of paediatric burns making it a major paediatric public health issue. 
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INTRODUCTION 
In Australia, as in most developed countries, hot beverages are the leading cause of scald 
injuries in young children [1,2], making it a major paediatric public health issue. Not only are 
hot beverage scalds painful, they carry a risk of lifelong psychological stress and physical 
scarring. [3] The body areas most commonly affected: face, neck, chest and proximal arm, 
are prone to hypertrophic scarring and are amongst the most difficult to treat effectively with 
pressure garments. [4] As well as the physical and psychological consequences, the 
associated financial costs of managing these scald injuries on the healthcare system are 
also considerable. [5]  
In 2004, Dewar et al [6] reported that hot beverage scalds made up 18% of the total number 
of burn injuries presenting at the Royal Children’s Hospital (RCH), Brisbane, Australia, 
between 1999 and 2002. The study went on to highlight the mechanism, setting and severity 
of these injuries.  While there have been a number of Australian programs and interventions 
aimed at the prevention of burns and scalds in children since then, very few have specifically 
addressed hot beverage scalds, and fewer have reported a reduction in burn and scald 
injury rates. [7,8]  
Ten years on, this new study analysed data from the same hospital over a 12-month period 
to see what, if any, changes have occurred in paediatric hot beverage scalds since the study 
published in 2004.   
METHODS 
Study Design 
Cross-sectional trend analysis 
Study population 
The Stuart Pegg Paediatric Burns Centre (SPPBC) is the major centre for the treatment of 
paediatric burns in Queensland. It provides inpatient and outpatient care to children from 
across the State and from northern NSW. Approximately 750 children with burn injuries 
present to the hospital each year. 
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Data sources 
De-identified data was obtained from the Queensland Paediatric Burns Registry, a hospital 
database developed at the SPPBC, containing patient information collected with the consent 
of their parents or guardians. A detailed pro forma is completed at the time of admission for 
all SPPBC inpatients and outpatients including the following information: 
• Demographic data 
• Events leading up to and surrounding the burn injury 
• First aid given, both at the scene and in hospital 
• Depth and body surface area of burns. 
Additional information is recorded on the database including length of treatment, need for 
skin grafting, outcome and need for scar management. 
All children presenting to SPPBC with hot beverage scalds between January 1 and 
December 31, 2013 were included in this study. Historical comparison data included the 
original de-identified data made available from Dewar et al [6], for all hot beverage scalds 
cases between July 1, 1999 and June 31, 2002, including demographics, injury mechanism 
and burn severity.  
Data management and analysis 
Data cleaning and statistical analysis was performed using SPSS software SPSS 22 (IBM 
Corporation, Armonk, NY, USA). Chi squared tests (or Fishers exact test where appropriate) 
were employed to explore differences between the historical and current cohort. A p-value 
<0.05 was considered statistically significant. All cases from the 2013 cohort were included; 
however, some fields contained missing data. These were excluded where necessary and 
this is indicated in the text as appropriate. 
Ethics 
Ethics approval was obtained from the Queensland Children’s Health Services (RCH) 
Human Research Ethics Committee (HREC/14/QRCH/048). 
 
 
 
48 
RESULTS 
A total of 133 children were treated for hot beverage scalds at the SPPBC between January 
1st and December 31st, 2013; representing 18% of all burns treated over this period. Fifteen 
(11%) of the patients required admission to hospital while 118 (89%) were treated as 
outpatients. The median age was 18 months (range, 2 months to 14 years), and 74% were 
under two-years-of-age (Figure 10). Fifty-two per cent were males. 
 
Figure 10: Distribution of scalds by age (months) for the 2013 cohort and historical cohort (1999-
2002). 
Most scalds occurred in the patient’s home (67%), followed by a friend’s or a relative’s home 
(17%), trade or service area (7%), campsite (4%), and other (2%). Place of injury was not 
reported in 3% of patients.  Of the injuries that occurred in a house, 71% occurred in the 
kitchen, followed by living or dining room (27%) and bedroom (2%). Tea was the most 
common agent in 48% of cases, followed by coffee (26%) and hot water (15%). The majority 
of scalds were caused by the child pulling a container of hot beverage down over themselves 
(56%), followed by splash burns from the child knocking or spilling a hot beverage container 
(19%), another person spilling the beverage on the child (7%), the child placing hand into 
hot beverage container (4%), and pulling a tablecloth or coaster (1%). The cause was 
unclear in the remaining 13% of cases. The median total burn surface area (TBSA) was 3% 
(range 0.25% to 22%). The majority of burns involved the anterior torso (61%), followed by 
upper limbs (39%), head and neck (19%), lower limbs (13%) and posterior torso (7%). Seven 
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patients required one or more split-skin grafts, including four grafts to the anterior torso, and 
three to upper limbs. Fourteen patients (11%) required long-term scar management.  
The proportion of hot beverage scalds in the current data mirrors that of Dewar et al [6], as 
does the median age at injury (17.5 months in 1999-2002 vs 18 months in 2013), most 
common mechanism (child pulling the hot beverage container down over themselves) 62% 
v 56% in 2013, and setting (in the patient’s home, 71% v 67% in 2013) (Table 3).  
 
Table 3: Key demographic, injury and treatment factors for the 2013 cohort and historical cohort 
(1999 to 2002). 
 2013  1999-2002  
 N (%) N (%) p-value* 
Demographics    
Median age of child in months 18  17.5 NS^ 
No. <24 months 99 (74) 102 (68) NS  
Gender: Male 
               Female 
70 (52) 
63 (48) 
94 (62) 
58 (38) 
NS 
NS 
Injury factors    
Setting: Patient’s home  89 (67) 85 (71)  
32 unreported 
NS† 
Mechanism: child pulling hot beverage 
over him/herself  
75 (56) 94 (62) 
18 unreported 
NS§ 
% TBSA median (range) 3 (0.25 to 22) 4 (0.25 to 32) - 
First Aid    
≥20 mins cold running water at scene 33 (24) Not recorded - 
≥20 mins cold running water within 3 
hours of injury 
92 (69) Not recorded - 
Treatment    
Admission 14 (11) 79 (52)  p<0.001 
Grafting  7 (5) 27 (18) p<0.05 
Long-term scar management 14 (11) 39 (26) p<0.05 
* p-value determined using Chi squared tests           
^ Not statistically significant (p>0.05) 
† Y/N if patients home was most common location for injury 
§ Y/N if pulling hot beverage over self was most common mechanism  
TBSA: Total Burn Surface Area 
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While there has been little change in the proportion, injury mechanism, and age at injury in 
the past 10 years, there has been a significant change in the number of children being 
admitted to hospital (52% v 11% in 2013, p<0.001).  
The median TBSA was 4% in 1999-2002 and 3% in 2013, with the majority of burns involving 
the anterior torso (65% v 61% in 2013) and upper limbs (51% v 39% in 2013). Given the 
similarities in TBSA between the two time periods, it is important to note the significant 
reduction in scalds requiring split skin grafts (18% v 5% in 2013, p<0.05) and long-term scar 
management (26% v 11% in 2013, p<0.05).   
Data on first aid were not recorded in the 1999-2002 dataset. In 2013, cool running water 
was applied at the scene in 90% of cases; however, only 24% of these received the 
recommended ≥20 minutes of cool running water.  A total of 69% of all cases received ≥20 
minutes of cool running water within three hours of injury. Other first aid applications at the 
scene included ice, toothpaste, fish sauce, cooking oil, paw paw, aloe vera, and non-
specified burns gels.   
DISCUSSION 
This study aimed to investigate whether the proportion, mechanism, severity and outcomes 
of hot beverage scalds in children has changed 10 years on from the study by Dewar et al. 
[6] Data was compared from 2013 to a historical cohort presenting at the same hospital 
between 1999 and 2002.   
The two cohorts show similarities, which is concerning from a public health perspective. Hot 
beverage scalds remain the leading cause of burn injuries in children presenting at SPPBC, 
accounting for 1 in 5 of all burns treated. While there were no significant changes in the 
demographic or injury mechanism factors, there were significant differences, specifically in 
admissions, skin grafts and scar management rates 10 years on.  
Speculating on the significant decrease in admissions rates (52% v 11% in 2013, p<0.001), 
it is likely that the introduction of Acticoat™ at SPPBC in 2003 played a considerable role. 
Because past treatments required daily dressing changes, admission was often necessary, 
whereas Acticoat™ only requires changing every three to seven days allowing the majority 
of patients to be treated as outpatients.  
A study by Cuttle et al [9] demonstrated how the change from Silvazine™ to Acticoat™ as 
the primary burns dressing at SPBBC from 2003 resulted in faster wound re-epithelialisation 
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and a reduction in the number of injuries requiring grafting and long-term scar management.  
Silvazine™ is more cytotoxic than Acticoat™, thus causing delays in healing due to its effect 
on keratinocytes. [10,11] 
The current study also highlighted a significant reduction in split skin grafts (18% v 5% in 
2013, p<0.05) and long-term scar management (26% v 11% in 2013, p<0.05). Along with 
the change in dressing type at SPPBC, the decrease in skin grafting and long-term scar 
management may be attributed to the application of adequate first aid (cool running water 
for ≥20 minutes within 3 hours of injury). [12] It is well documented that applying adequate 
first aid can improve wound healing by reducing the burn depth as well as providing pain 
relief. [12-15] 
While first aid treatment was not recorded in the 1999-2002 data, an audit of first aid 
treatment at the same paediatric burns centre in 2005 found only 12% of patients received 
the recommended cool running water for ≥20 minutes at the scene [13], compared to 24% 
application in 2013. Cuttle et al [13] also noted that, among children aged less than 3.5 years 
with scald injuries, only 10.9% received the recommended first aid treatment. This is 
important given that most hot beverage scald injuries fall into this age bracket. When 
comparing the results of Cuttle et al (2009) with the current study, it appears that adequate 
first aid is being applied more readily at the scene and within three-hours post injury, perhaps 
as a result of improved public awareness about burns first aid.  
Despite the high incidence of hot beverage scalds, particularly in very young children, there 
is a paucity of research into interventions aimed at preventing them.  One of the reasons for 
this may be because the high incidence of hot beverage scalds is not accurately reflected 
in trauma registries and epidemiological studies. Much of the epidemiological data only 
measures the number of children who are hospitalised for injuries, rather than those who 
actually incur injuries. The number of hot beverage scalds reported is usually based on data 
from admissions to hospital; but, as shown in the results of this study, only a small proportion 
of cases are treated as inpatients.  Many more hot beverage scald injuries go unreported as 
they are treated through local General Practitioners’ practices, or medical centres—most of 
which are not recorded on trauma registries.  
There appears to be little public awareness of the potential for injury inherent in a cup 
containing a hot drink. Studies have demonstrated that exposure to hot fluids (>65°C) for 
just two seconds can result in a significant burn. [4,16] Young children have thinner skin and 
are therefore more likely to sustain a more significant injury from minimal exposure to hot 
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liquids.  Given that a brewed cup of black tea or coffee remains above 65°C even after 10 
minutes cooling time (5 mins for hot beverages with milk), the scald injury risk period is 
considerably greater than many parents and caregivers may realise. [17] 
Many studies have noted the peak prevalence of hot beverage scalds in 6 to 24 month olds. 
[1,8,18] This is the age when motor skills are developing, and mobility, curiosity and a desire 
to imitate adults is increasing; however, this age group lacks a sense of danger and 
awareness, and the ability to withdraw from heated liquid/objects.   
Education on hot beverage scalds targeting parents and caregivers of young children is 
needed to create awareness of the frequency and severity of these injuries. This study 
showed 65% of injuries were seen by a parent or adult; a figure consistent with other 
paediatric burn studies. [6,19] A Cochrane systematic review of community-based 
interventions for burn and scald injuries in children found that very few studies showed a 
reduction in burn and scald rates. [7] However, developing a targeted prevention campaign 
aimed at parents and caregivers of 6 to 24 month old children with regular messages about 
developmental stages and the risks for injury may be more successful.  
CONCLUSION 
This research provides greater understanding of the mechanisms by and settings in which 
hot beverage scalds occur.  It highlights the continued high incidence of these injuries 10 
years after the study by Dewar et al in 2004. There is an urgent need for public education 
and awareness about the frequency and severity of hot beverage scalds.  The development 
of effective, targeted prevention strategies and interventions aimed at parents and 
caregivers of very young children is warranted to curb this ongoing paediatric public health 
issue. 
  
CHAPTER 4 CONCLUSION 
This study represents Stage 1 of this research. It highlights that there has been no reduction 
in HBS in the past 10 years, and that it remains the leading cause of all childhood burns. 
There was a significant decrease in HBS admissions, skin grafts and long-term scar 
management between the two time periods, but this is attributable to changes in the 
treatment from silver sulphadiazine to silver-impregnated dressings, burn management 
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(delayed excision and skin grafting practices), and a shift in philosophy of care with an 
increased emphasis on managing children in the outpatient setting.  
The findings also show that the proportion of parents and caregivers who used optimal burn 
first aid at the scene is still relatively low. While most parents and caregivers reported initially 
cooling the burn with water (90%), only 24% applied it for the recommended time.   
Other factors related to HBS have also largely remained unchanged. The proportion, injury 
mechanism, and age at injury have not varied in the past 10 years. The most frequent age 
for HBS is 6-24 months. Most of these injuries still occur in the child’s home, are witnessed 
by the parent/caregiver, and receive inadequate first aid. While the broad aetiology of these 
injuries is known, there is a lot that is not known nor recorded.  
A more comprehensive understanding of the injury is required in order to develop a 
prevention campaign aimed at reducing HBS. Detailed information is needed about the 
circumstances surrounding the scald in terms of setting, supervision, and first aid at the 
scene (if any). In order to obtain this information, an online survey was developed. The 
results of this survey are in Chapter 5.  
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CHAPTER 5: HOT TEA AND TINY TOTS DON’T MIX: A CROSS-
SECTIONAL SURVEY ON HOT BEVERAGE SCALDS 
This chapter is presented as published in Burns. 
Citation: Burgess JD, Kimble RM, Watt K, Cameron CM. Hot tea and tiny tots don’t mix: a 
cross-sectional survey on hot beverage scalds. Burns. 2017. 
http://dx.doi.org/10.1016/j.burns.2017.05.008. 
 
CHAPTER 5 FOREWORD 
Chapter 4 confirmed that HBS remain the leading cause of childhood burns, and helped to 
define the magnitude (incidence) and characteristics of this injury, such as age-group most 
at risk, main mechanism, and first aid treatment. This information gathering forms part of 
Step 1 of the Public Health Model, and Stage 1 of the research. Step 2 of the model is to 
identify the risk and protective factors. This relates to Stage 2 of the research, and this aim 
was addressed through an online survey developed by the author. The aim of the survey 
was to obtain more detailed information about the circumstances surrounding HBS from 
parents and caregivers of children with this injury. The survey was undertaken in the 
outpatients’ clinic of a major paediatric burns centre (the same centre where data for Stage 
1 were collected), usually when the child was having their first dressing change. This chapter 
reports on the findings from that survey.  
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ABSTRACT 
Objective 
Hot beverage scalds are a leading cause of burns in young children. The aim of this study 
was to examine the circumstances surrounding HBS injuries in terms of setting, mechanism, 
supervision and first aid, to inform a prevention campaign. 
Methods 
A cross-sectional study was delivered via iPad to parents and caregivers presenting with a 
child aged 0-36 months with a hot beverage scald at a major paediatric burns centre. 
Results 
Of the 101 children aged 0-36 months who presented with a hot beverage scald over a 12-
month period, 54 participants were included. The scald aetiology was as expected with the 
peak prevalence in children aged 6-24 months, pulling a cup of hot liquid down over 
themselves. The majority of injuries occurred in the child’s home and were witnessed by the 
caregiver or parent. The supervising adult was often in close proximity when the scald 
occurred. Less than a third (28%) of participants received adequate first aid treatment at the 
scene, with an additional 18% receiving this treatment with three hours of the injury—usually 
at an emergency department.  
Conclusions 
While the aetiology of these scalds was as expected, the low use of optimal burn first aid 
was of concern. Although supervision was present in almost all cases, with the 
parent/caregiver close-by, this proximity still permitted injury. Attentiveness and continuity 
of supervision, which can be difficult with competing parental demands, appear to play a 
more important role; as do considerations of other safety mechanisms such as hazard 
reduction through keeping hot drinks out of reach, and engineering factors such as improved 
cup design. 
By incorporating the findings from this study and other research into a hot beverage scald 
prevention campaign, we hope to see a change in knowledge and behaviour in parents and 
caregivers of young children, and ultimately a reduction in the incidence of hot beverage 
scalds. 
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INTRODUCTION 
Hot beverage scalds are a leading cause of burn injuries in young children and are an 
important paediatric public health issue globally. [1-3] In Australia, hot beverage scalds 
account for one in five of all paediatric burns. [4-5] Despite the high incidence, these injuries 
are often overlooked in research and injury prevention. The high incidence of hot beverage 
scalds has not changed in the past 15 years. [5] 
The aetiology of these scald injuries is well documented. The majority (77-90%) occur in 
children under 36-months of age; peaking between 12 and 18 months.  The main 
mechanism is the child pulling a cup of hot liquid down over him/herself. [4-9] What is not 
so well documented are the detailed circumstances surrounding the scald in terms of 
supervision, setting and immediate first aid (if any) at the scene.  
Supervision, or lack of it, is often cited as a primary contributor to childhood injuries. [10-13]  
While parents and caregivers invariably want to avoid harm to any child they can be caught 
off-guard by the heightened curiousity and increased mobility of an infant/toddler. Adequate 
supervision, as it relates to young children, includes several key dimensions including 
attention, proximity and continuity. [12-13] Details regarding supervision, at the time of hot 
beverage scalds occurring, are not well known and are often not recorded in healthcare 
records or trauma databases.  
There is good evidence that applying optimal first aid after a burn improves wound healing 
by reducing burn depth, providing pain relief, faster re-epithelialisation, improved scar 
management and shorter hospital stays. [14-16]  Unfortunately, there is also good evidence 
showing the low knowledge and use of optimal burn first aid by the general public. [8,14-17] 
To better inform a hot beverage scald prevention campaign, this cross-sectional survey was 
undertaken. This paper provides a better understanding of hot beverage scald injuries by 
going beyond the broad aetiology of the injury to describe in more detail the setting, 
supervision and first aid provided to children presenting at a major paediatric burns unit.  
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METHODS 
Study Design 
Cross-sectional survey 
Study setting 
This study was conducted at the Pegg Leditschke Paediatric Burns Centre (PLPBC), Lady 
Cilento Children's Hospital (LCCH), Brisbane, Australia. The LCCH is a specialist hospital 
that provides healthcare services to children from across Queensland and northern New 
South Wales. As a tertiary burns centre, children are often referred to PLPBC from other 
hospitals and medical centres after their initial presentation. The PLPBC is one of the largest 
paediatric burns centres in Australasia. 
Study participants 
The study involved children aged 0-36 months presenting with a hot beverage scald at the 
PLPBC between November 2014 and October 2015. Children were excluded if they were 
under the care of Child Protection Services or if the attending parent/caregiver had limited 
English language skills.  
Ethics approval 
This study was approved by the University of Queensland Institutional Human Research 
Ethics Committee (approval number: HREC/14/QRCH/335) 
Sampling 
Convenience sampling was used in this study.  Parents/caregivers are routinely approached 
by the Clinical Research Manager during outpatient clinics at PLPBC and asked if they are 
willing to participate in research studies run through the Centre. Parents of inpatients are 
also approached. For this study, parents/caregivers were approached at the child’s dressing 
change appointments if they had previously indicated a willingness to participate in research, 
and met the eligibility criteria (child aged 0-36 months, presenting with a hot beverage scald).  
Data source 
Data were collected via a brief, self-completed iPad survey from parents and caregivers of 
children attending the burns centre, and matched with data from the Queensland Paediatric 
Burns Registry. 
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Data collection 
Data collected via the survey were matched with data from the Queensland Paediatric Burns 
Registry (QPBR) on burn severity (superficial/partial/deep/full-thickness), total burn surface 
area (TBSA), body part scalded, first aid treatment, surgical interventions (if any) and 
demographic information. The iPad survey took approximately five minutes for participants 
to complete and included 45 questions covering the setting, mechanism, supervising adult, 
first aid treatment, first aid information source, and caregiver demographics (postcode, age, 
education level, smoking and marital status). Most questions had multiple-choice answers, 
and a free text option was given if the parent/caregiver wanted to provide additional 
information on how the injury occurred. For burn first aid, participants’ responses were 
categorised into; adequate (20 minutes or more of cool running water within 3 hours of burn), 
and inadequate (anything other than 20 minutes or more of cool running water within 3 hours 
of burn).  
Data analysis 
Data were analysed using IBM SPSS v.23.  
Descriptive statistics were used to describe the sample characteristics (n, % for categorical 
variables, Mean and SD for parametric numerical variables, and Median, IQR for non-
parametric numerical variables). Independent samples t-tests (numerical variables) and chi-
square tests (categorical variables) were used to determine whether there were any 
differences between participants and non-participants in relation to burn characteristics 
(TBSA, burn depth, skin grafts required), demographics, and provision of first aid (adequate 
vs inadequate). Analyses were then completed among survey participants to determine 
whether there were any differences between the groups in relation to burn first aid (adequate 
vs inadequate) and burn characteristics, as well as demographics. For categorical variables, 
chi-square tests were used (Fisher’s Exact tests were used when assumptions were 
violated). For numerical variables, Mann-Whitney U tests were used, because the data were 
nonparametric and the group sizes were small.  
RESULTS 
A total of 128 children aged 0-15 years were treated for hot beverage scalds at the PLCBC 
between November 2014 and October 2015. There were 101 children aged 0-36 months. 
Due to limited English language use, or the children being under the care of Child Protection 
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Services, 9 cases were ineligible. Of the 92 children who met the inclusion criteria, 54 
parents/caregivers were recruited and completed the survey (see flowchart in Figure 11). 
There were no repeat presentations of children presenting with hot beverage scalds during 
the 12-month recruitment period. 
 
 
Figure 11: Flowchart of included participants. 
There were no significant differences in the children’s age, gender, TBSA, burn depth, or 
provision of burn first aid (adequate vs inadequate) between those who participated in the 
study and those who did not (p>0.05). All of the children who required skin grafts participated 
in the survey.  
Aetiology 
The median age of included participants was 15.3 months (IQR range, 6.8 months), and 
85% were under two-years-of-age (Table 4). Fifty-seven percent were males. Most of the 
scalds occurred in the child’s home (63%), followed by friend/relative’s home (24%), 
playground/park (9%) and café/restaurant (4%). Of the injuries that occurred in a house, 
50% occurred in the kitchen area, followed by living/dining area (33%), deck/patio/garden 
(13%) and bedroom (4%). Tea was the most common agent (63% of cases: black tea 33%, 
with milk 22%, herbal/green tea 7%), followed by coffee (20%) (black coffee 11%, with milk 
6%, milk-based latte 4%), hot-water (13%) and hot chocolate (4%). Half (50%) of the hot 
n=128
aged 0-15yr
n=101
aged 0-36 
mths
n=92 
eligible
n=54 
(59%) 
Agreed
n=25 
(27%) 
Missed
n=13  
(14%) 
Refused
n=9
ineligible
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beverages were made 2-5 minutes prior to the injury, 43% were £1 minute prior, and 7% 
were made >5 minutes prior. Eleven percent of the scalds from beverages made >5 minutes 
earlier resulted in deep dermal burns.   
Table 4: Characteristics of hot beverage scald injuries by gender and age (n=54). 
 Total Gender  Child age in months* 
M F  0-11 12-17 18-23 24-36 
Total n (%)  54 31 
(57%) 
23 
(43%) 
 11 
(20%) 
26 
(48%) 
9 
(17%) 
8 
(15%) 
TBSA % Median  
Interquartile range 
2.0 
4.0 
2.0 
3.0 
3.0 
3.5 
 1.0 
3.3 
2.5 
4.3 
3.0 
5.8 
3.5 
3.0 
Burn depth n (%) 
Superficial/partial 
 
Deep dermal /full 
thickness 
  
Missing n=3 
37 
(73%) 
 
14 
(27%) 
19 
(37%) 
 
10 
(20%) 
18 
(35%) 
 
4 
(8%) 
 9 
(18%) 
 
2 
(4%) 
18 
(35%) 
 
6 
(12%) 
3 
(6%) 
 
5 
(10%) 
7 
(14%) 
 
1 
(2%) 
Mechanism n (%) 
Child pulled down 
/knocked over cup 
 
Another person spilt 
/knocked cup  
 
48 
(89%) 
 
6 
(11%) 
 
26 
(84%) 
 
5  
(16%) 
 
22 
(96%) 
 
1 
(4%) 
  
9 
(17%) 
 
2 
(4%) 
 
25 
(46%) 
 
1 
(2%) 
 
8 
(15%) 
 
1 
(2%) 
 
6 
(11%) 
 
2 
(4%) 
* Due to small cell sizes, certain age ranges were grouped 
 
The majority of scalds were caused by the child knocking or pulling down a cup of hot liquid 
over themselves (93%). The cup of hot liquid was placed on a benchtop (44%) or dining 
table (18%). Only 15% of children climbed on something to reach the cup. The median TBSA 
was 2.0% (range 0.5% to 15%). The majority of scalds involved the chest/breast (n = 30), 
head/neck (n = 23), and upper limb (n = 19) (see Table 5). Five (9%) participants required 
one or more split-skin graft. Severity of scalds showed no significance based on who the 
caregiver was at the time of injury (p=0.120), or who else was present (p=0.855).  
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Table 5: Distribution of participant’s body parts scalded. 
  
% of all body 
parts scalded 
% of all 
participants 
Chest/breast 30 56 
Face/neck 23 43 
Upper limb –unilateral 19 35 
Abdomen 7 13 
Hand – unilateral 6 11 
Lower limb – unilateral 5 9 
Back 3 6 
Scalp 3 6 
Upper limb – bilateral 2 4 
Foot – unilateral 2 4 
Perineum 1 2 
Total 100%  
Number of body parts scalded per child ranged from 1 to 5 
 
Supervision 
Sixty-nine percent (69%) of scalds were witnessed by an adult. At the time the injury 
occurred the reported caregiver was the child’s parent (91%), grandparent (7%) or 
friend/family member (2%). The majority of caregivers were within arm’s reach of the child 
(48%), predominantly preparing food or hot drink (28%), or attending to/talking with others 
(26%) (see Table 6).  
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Table 6: Supervision factors at the time of child’s hot beverage scald injury. 
Caregiver at time of injury – n (%)  
            Parent 
            Grandparent 
            Friend/family member 
 
49 (91%) 
4 (7%) 
1 (2%) 
  
Present in house when injury occurred – n (%) 
            Just caregiver and child 
            Other parent/siblings/both 
            Grandparent  
            missing 
 
6 (11%) 
8 (15%) 
15 (28%) 
13 (24%) 
  
Proximity of child to caregiver at time of injury – n (%) 
            Within arm’s reach 
            Within 5 meters 
            Same room – ABLE to see child 
            Same room – UNABLE to see child 
            Other room – ABLE to hear child 
            Other room – UNABLE to hear child 
 
26 (48%) 
13 (24%) 
6 (11%) 
2 (4%) 
5 (9%) 
1 (2%) 
  
Activity of caregiver at time of injury – n (%) 
           Preparing food or hot drink 
           Attending to/talking with others   
           On phone/computer or watching television 
           Briefly left the room 
           Playing or carrying child 
 
15 (28%) 
14 (26%) 
7 (13%) 
6 (11%) 
5 (9%) 
 
First Aid 
Optimal burn first aid (cool running water (CRW) applied for 20 minutes or more) was 
provided to 15 (28%) participants at the scene. An additional 10 (18%) participants received 
optimal burn first aid (in a medical centre or Emergency Department (ED)) within three hours 
of the injury occurring. Most scalds (78%) received CRW for some period of time, but not for 
the full recommended 20 minutes: less than 5 minutes (n= 19%), 5-9 minutes (n= 19%), 10-
14 minutes (n= 14%), 15-19 minutes (n= 12%). 
There were no significant differences in demographic characteristics (child’s gender, child’s 
age, parents’ age; parents’ education), supervision characteristics (who the caregiver was 
at the time the scald occurred, who else was present in the house, proximity of the caregiver 
(p=0.643)) or burn characteristics (TBSA, burn depth), between children for whom adequate 
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burns first aid was used (cool running water for 20 mins) compared with inadequate 
(p>0.05). 
Parents/caregivers rated their confidence in applying burn first aid at the time the injury 
occurred (no confidence, some confidence or very confident). Fifteen percent (15%) 
reported having no confidence, 48% had some confidence and 37% were very confident. 
When comparing caregivers who were very confident in their first aid ability with those who 
were not confident, there was a significant difference noted in whether adequate first aid 
was applied (p=0.029). 
Sixty-seven percent (67%) of parents/caregivers reported having had first aid training or a 
medical qualification. However, when tested, having first aid training or a medical 
qualification did not result in a significantly higher application of optimal first aid (p=0.746) 
compared to those who had no first aid training/qualification (Table 7).  
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Table 7: Burn first aid treatment applied at the scene and/ or within three hours of injury. 
 * Adequate first aid # Inadequate first aid 
Overall total  n (%) 25 (46%) 29 (54%) 
   
f Age of child 
0-11 months 
12-17 months 
18-23 months 
24-36 months 
(missing n=1) 
 
5 (9%) 
11 (21%) 
<5 
6 (11%) 
 
6 (11%) 
15 (28%) 
7 (13%) 
<5 
   
Burn severity 
Superficial/partial 
Deep 
(missing n=3) 
 
19 (37%) 
4 (8%) 
 
18 (35%) 
10 (20%) 
 
TBSA % mean 3.9% 3.2% 
   
Burn required skin grafting 3 2 
   
Carer 
Parent 
Grandparent 
 
23 (43%) 
2 (4%) 
 
26 (48%) 
2 (4%) 
   
Confidence in applying burn first aid 
treatment 
No confidence 
Some confidence 
High confidence 
 
 
4 (7%) 
12 (22%) 
9 (17%) 
 
 
4 (7%) 
8 (15%) 
17 (31%) 
   
Previous first aid training 17 (31%) 19 (35%) 
   
Demographics 
Caregiver/Parents’ age 
Under 29 years 
Over 29 years 
 
Caregiver/Parents’ highest level of 
education 
Some high school 
Year 12 or similar 
Trade certificate/diploma 
University degree 
 
 
5 (9%) 
20 (37%) 
 
 
 
4 (7%) 
2 (4%) 
7 (13%) 
12 (22%) 
 
 
11 (20%) 
18 (33%) 
 
 
 
6 (11%) 
7 (13%) 
5 (9%) 
11 (20%) 
*Adequate first aid = CRW applied for 20 minutes within 3 hours at scene or ED/medical centre 
# Inadequate first aid = CRW applied for <20 minutes, or no first aid 
f Age breakdown due to small sample size 
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If CRW was applied for less than 20 minutes, parents/caregivers were asked what had 
influenced their duration decision. Reasons for applying CRW for less than 20 minutes are 
shown in Table 8 below. Missing values have been excluded. Accordingly, the child being 
too distressed was reported by most parents/caregivers (n = 27). Close by medical treatment 
(medical centre or hospital nearby, or arrival of ambulance) was the next most frequently 
reported reason for not applying CRW for the recommended 20 minutes. Importantly, 14% 
of caregivers reported that they stopped applying CRW before 20 minutes because they 
perceived that they had applied it for sufficient time already. Other first aid treatments at the 
scene included burn gel, toothpaste, egg white, and ice packs. Two participants received no 
first aid. Parents/caregivers were also asked about their main source of burn first aid 
information, the main sources were the Internet 36% and family/friends 19%. 
 
Table 8: Reasons given by parents/caregivers for applying CRW for less than 20 minutes. 
 n % of all reasons 
% of valid 
participants 
Child was too distressed 27 21 69 
Thought the time was adequate 18 13 45 
Medical centre/hospital was close 18 14 46 
Ambulance arrived 18 14 44 
Blisters started appearing 17 13 44 
Child started shivering 14 11 38 
Difficulty in applying water to burn area 12 9 31 
Carer panicked 3 2 8 
Other 4 3 7 
Total 131 100%  
 
DISCUSSION 
Hot beverage scalds are the leading cause of burns in young children. A better 
understanding of the factors surrounding these injuries is crucial in order to decrease the 
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high incidence. This study provides detailed information on the aetiology, supervision and 
first aid to children aged 0-36 months presenting with a hot beverage scald to a major 
paediatric burns unit over a 12-month period. Out of the 92 children who met the inclusion 
criteria, 54 participants (59%) were recruited.  
Aetiology 
The aetiologies of the hot beverage scald injuries in the current study are similar to those 
reported in other studies. [4-9] Approximately half of participants reported that prior to the 
injury the caregiver was aware the child could reach the place where the cup was placed. 
However, some parents/caregivers reported that a non-primary carer (other parent or 
grandparent/friend) was caring for the child at the time and they had been unaware the child 
could reach the place where the cup was placed. This suggests that non-primary caregivers 
may be caught off-guard by the rapid mobile development of the child, where one week the 
child is unable to climb up or pull his/herself up to a standing position and the next week 
they can. This may be something the primary caregiver has noticed but did not communicate 
it to the child’s other caregivers.   
Half (50%) of the hot beverages were made 2-5 minutes prior to the injury, 43% were £1 
minute prior, and 7% were made >5 minutes prior. As expected, the deepest burns resulted 
from drinks made £1 minute prior. Interestingly though, 11% of the scalds from beverages 
made >5 minutes earlier resulted in deep dermal burns.  This supports previous studies that 
report exposure to hot liquids (>65°C) for just two seconds can result in a significant burn to 
a child’s skin. [18-19] Given that a freshly brewed cup of black tea or coffee remains above 
65°C even after 10 minutes’ cooling time (5 minutes for hot beverages with milk), the scald 
injury risk period is considerably longer than many parents and caregivers may realise. [20]  
Supervision  
Infants and toddlers require supervision for their safety, and adequate supervision is 
recognised as a protective factor that mitigates risks of childhood injury. [10] The literature 
suggests that supervision encompasses more than just monitoring, particularly in very young 
children whose motor skills are developing, and mobility, curiosity and a desire to imitate 
adults is increasing. [12,13,21] Unfortunately, their cognitive awareness of the dangers of 
potential hazards and their mobile development do not progress in a linear fashion. 
Adequate supervision for this age group includes three dimensions: attention (visual and 
auditory), proximity (within reach and beyond reach), and continuity (constant, intermittent 
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or suspended). [12] These dimensions are particularly relevant for infants and toddlers who 
do not respond to verbal directives. The majority of participants in this study were in close 
proximity to the child when the scald occurred (as shown in Table 6). However, many 
reported being involved in another activity at the time or relying on visual or auditory 
monitoring. Rather than being a lack or absence of supervision, these results may reflect 
the competing demands on parents and caregivers that can affect the attentiveness/or 
continuity of supervision in a busy household. Most injuries occurred when there was more 
than just the caregiver and child present in the house. It is interesting to note the high number 
of grandparents who were present when the injuries occurred. They were not the primary 
caregiver but present. It may be interesting to investigate this further with a larger sample 
size to see if/why the presence of a grandparent may increase the risk of a hot beverage 
scald occurring.  
First aid 
Given the general public’s lack of burn first aid knowledge and practice noted in the literature 
[22-25], this study aimed to look beyond what first aid treatment was applied to the included 
children and determine what may have influenced the caregiver’s treatment decision. Less 
than half of the children received adequate burn first aid treatment within three hours of the 
injury occurring, although 78% had water applied for some duration. It is interesting to note 
that only 10 children received adequate burn first aid at the initial treating medical centre or 
ED. Although a few children arrived at a medical centre or ED more than three hours after 
the injury occurred, there appears to be a missed opportunity to improve wound healing by 
treating these burns adequately during this three-hour window. In addition to educating the 
general public, there may also be a need for educating medical/nursing/paramedic staff on 
the importance and benefits of applying CRW for 20 minutes to patients presenting within 
three hours of the burn occurring.  
More than half (67%) of the participants had undertaken first aid training and/or had a 
medical qualification, yet those who did were no more likely to provide adequate burn first 
aid treatment at the scene. Confidence in ability to provide burn first aid was a better 
indication of optimal first aid application. Participants aged 30 years or older were more likely 
to feel very confident or have some confidence compared to participants aged less than 30 
years; however, the rate of adequate CRW timing was the same for both age groups. Forty-
five percent (45%) of participants who reported feeling very confident applied the correct 
burn first aid. None of those who reported having no confidence applied the correct burn first 
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aid. Two children received no first aid treatment. Caregivers for these children were a parent 
and a grandparent; both had university degrees and reported having no confidence in their 
ability to provide burn first aid, despite one of them having previous first aid training. 
The Internet is a popular source of health information and first aid. Thirty-six (36%) 
participants used the Internet to get first aid information, with 80% reporting using a generic 
search rather than going to a recognised child safety/medical website. This is concerning 
given the low quality and accuracy of burn first aid information available online. [26-27]  
The secondary prevention benefits of applying optimal burn first aid treatment immediately 
following a hot beverage scald makes it an important element to include in any prevention 
campaign. Public knowledge about correct burn first aid is low [22-23], as reinforced by the 
findings of this study. Raising awareness among parents and caregivers about the 
importance of applying CRW for 20 minutes, as well as reinforcing the message that “20 
minutes seems like a long time (particularly when a child is distressed) but a scar lasts even 
longer,” may lead to an increase in optimal burn first aid treatment use.  
One reason there has been a paucity of interventions specifically aimed at hot beverage 
scalds may be the difficulty in achieving success. Unlike other burn prevention campaigns 
that have shown success through changes in legislation and product development, such as 
smoke alarms, tempering hot water valves and flame-retardant children’s sleepwear, 
regulating how or where people drink hot tea or coffee is not possible, and there has been 
minimal effect from changes to cup design. [28-29] Most of the literature recognises the 
need for interventions based on the scald epidemiology through education. [8, 30] Educating 
parents and caregivers about the risk factors associated with hot beverage scalds and 
optimal burn first aid treatment is an important step in reducing the severity and high 
incidence of these injuries. Teaching parents and caregivers environmentally based 
prevention initiatives such as keeping hot drinks away from the edge of the bench or table, 
or using safety devices to prevent the child accessing the area where hot drinks are 
made/consumed can help them manage potential scald risks. [31]  
The prevalence of hot beverage scalds peaks in children aged between 6-24 months—when 
children experience rapid developmental changes, particularly in mobility. The majority of 
caregivers in this study were proximally close to the child when the injury occurred, and 
many were aware the child could reach the place where the cup had been placed, 
suggesting that a lapse in attention may have occurred. Making parents and caregivers 
aware of the three dimensions of supervision [12], and the level required to mitigate injury 
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risks in young children, is crucial. So too is the need to adjust those supervision levels 
according to their child’s rapidly changing developmental stage.  
The findings of this study will be used to inform a hot beverage scald prevention intervention. 
Accordingly, the campaign will incorporate messages about supervision, as well as 
increasing parent/caregiver knowledge, attitudes and skills regarding hot beverage scald 
risks and optimal burn first aid. The childhood injury risk factors most responsive to change 
are supervision, knowledge, attitudes and skills. [32] 
This study has some limitations, including the small sample size which made interpretation 
of results difficult. Unreported or missing data further exacerbated this. The data collected 
in this study are likely to be representative as there were no observed differences between 
participants and non-participants, with the exception of skin grafting. Having all the children 
who required skin grafting included in the study adds a bias in burn severity; however, with 
such a low number of skin grafts (n = 5) this is unlikely to affect the results. The surveys 
used for this study were completed predominantly during the first dressing change—usually 
within 3-5 days of the injury occurring—which allowed better recall of the injury by the 
participant and reduced potential measurement bias. However, the reliability of self-reported 
data and potential for social desirability bias in answering the questions may also be 
considered a limitation. 
CONCLUSIONS 
This study aimed to elicit detailed information about the circumstances surrounding hot 
beverage scald injuries in order to inform a prevention campaign. This paper confirms 
previous findings regarding the injury aetiology and provides new detailed insights into the 
setting, mechanism, supervision and first aid treatment given by parents and caregivers at 
the scene of the injury. Understanding these contributing factors is essential in the 
development of an effective hot beverage scald prevention campaign.  
 
 
CHAPTER 5 CONCLUSION 
The findings reported in this chapter relate to Stage 2 of this research, and provide a deeper 
insight and understanding of the circumstances surrounding HBS, particularly in terms of 
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supervision and first aid. During the 12 months of the study, 101 children aged 0-36 months 
presented with a HBS, and parents of just over half of these were interviewed in the study. 
Consistent with what was reported in Chapter 4, the prevalence of HBS peaked in children 
aged 6-24 months, and the most frequent mechanism was the child pulling a cup of hot 
liquid down over themselves. The majority of HBS occurred in the child’s home and were 
witnessed by the caregiver or parent, who was usually in close proximity when the scald 
occurred. Just over one quarter of these children received adequate first aid treatment at 
the scene. Findings from this study were used to inform the messages in the prevention 
intervention in this thesis.  
Another important finding from this study was the high number of parents/caregivers who 
reported the Internet as their primary source of first aid information. This finding has also 
been highlighted in the literature. Given the lack of correct burn first aid reported in this study 
and previous studies, and the high use of the Internet for first aid information, it is important 
to know what burn first aid information is available online, and how accurate it is. This issue 
is addressed in Chapter 6.  
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CHAPTER 6 FOREWORD 
Chapter 6 presents the findings from Stage 3 of the research. The Internet is one of the 
most regularly cited sources of health information. Burn first aid information is no exception. 
One possible reason for the continued incorrect and inadequate burn first aid applied at 
the scene of a burn injury by parents/caregivers may be that this is a reflection of incorrect 
burn first aid information available online.   
Ten years ago, Tiller et al investigated the quality of burn first aid information on the internet 
and found the information was, overall, of poor quality. Since Tiller and colleagues 
completed this work, much has changed in relation to technology.  A decade ago Facebook 
and smartphones did not exist. Smartphones now make accessing the Internet even easier, 
and because they are always close by, the option to use smartphones (and other electronic 
devices such as tablets) to search for first aid information in a crisis situation makes the 
quality of the information available even more important. This chapter relates to Stage 3 of 
the research, and reports on the findings of a website content analysis undertaken to assess 
the quality of burn first aid information online.  
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ABSTRACT 
Objective 
With the popularity of the Internet as a primary source of health-related information, the aim 
of this website content analysis was to assess the accuracy and quality of burn first aid 
information available on the Internet.  
Methods 
Using the search term ‘burn first aid’ in four popular search engines, the first 10 websites 
from each search engine were recorded. From a total of 40 websites recorded, 14 websites 
were evaluated after removing duplicates. Websites were assessed on content accuracy by 
four independent reviewers with checks conducted on inter-rater reliability. Website quality 
was recorded based on Health on the Net Code of Conduct (HONcode) principles.  
Results 
Country of origin for the 14 websites was the US (7), Australia (6), and New Zealand (1). 
The mean content accuracy score was 5.6 out of 10. The mean website quality score was 
6.6 out of 12. Australasian websites scored lower for quality but higher for accuracy. The 
US websites scored higher for quality than accuracy.  Website usability and accuracy in a 
crisis situation were also assessed.  The median crisis usability score was 3 out of 5, and 
the median crisis accuracy score was 3.5 out of 5.  
Conclusions 
The inaccurate and inconsistent burn first aid treatments that appear online are reflected in 
the often-incorrect burn first aid treatments seen in patients attending emergency 
departments.  Global consistency in burn first aid information is needed to avoid confusion 
by members of the public.  
 
 
Keywords: burn first aid; injury prevention; internet; website content analysis 
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INTRODUCTION 
Burns are the fifth leading cause of non-fatal childhood injuries globally [1], with children 
aged 0 to 4 years having the highest incidence of burns. [2,3] The impact of burn injuries 
includes symptoms such as pain and itch that may continue for years [4], as well as a 
socioeconomic and treatment burden on the child, their family and the healthcare system. 
[5] 
High quality evidence indicates the correct application of first aid after a burn improves 
wound healing. [6-12] Unfortunately, there is poor use and low knowledge of correct burn 
first aid in the general public. [13-18] Burn first aid treatment incorporates four principles: 
removing clothing and jewelry from the burn area, applying cool running water, covering the 
wound with cling film or a clean cloth, and seeking medical help. These elements are 
included in the burn first aid recommendations of the majority of burn advisory agencies 
globally. [11,18] However, the recommended duration of water cooling time is inconsistent 
between these agencies despite growing evidence that 20 minutes of cooling time is optimal. 
[7,12,19-20]  
The Internet is a popular source of health information, with Google reporting 20% of all 
searches being health-related. [21] It is common for parents of young children to use the 
Internet to seek medical advice, often before seeking advice from a healthcare professional. 
[22-23] Although there is an abundance of health information available online, the accuracy 
of the information is reported to be low. [24-26] One study, a decade ago, that specifically 
examined burn first aid information online found only a small portion of sites had accurate 
information. [27] A decade is an exceptionally long time with respect to the immediacy of the 
information provided on the Internet.  
Given the popularity of the Internet as a source of health information by parents of young 
children and the high incidence of burn injuries in this population, the accuracy of burn first 
aid information available on the Internet needs to be evaluated, particularly its use in a crisis 
situation. This study aimed to evaluate the content accuracy and website quality (based on 
accessibility/usability, credibility and currency) of websites returned from the search term 
‘burn first aid’.  
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METHODS 
Study design  
Website content analysis 
Website selection 
As there is no validated tool for website sampling for research purposes [28], the websites 
included were identified by entering ‘burn first aid’ into four popular search engines: Google, 
Yahoo, Bing, and Ask.com on June 3, 2015. To ensure a ‘clean’ search, the computer’s 
cache was emptied and all browsing history was deleted prior to the searches. No 
geographical settings were used. 
The first 10 websites appearing on the first page of each search engine were recorded. 
Research shows most web users do not look beyond the first page of search results. [29] 
Sites that focused on general first aid and health information were included if their pages or 
sections specifically addressed burn first aid.   
Evaluation procedure  
Two primary evaluation areas were included: content accuracy and website quality. Content 
accuracy was assessed by rating the site’s adherence to the basic principles of burn first 
aid: stop, remove, cool, cover and seek. [30]  Website quality (accessibility/usability, source 
credibility, and currency) was based on criteria developed by Cheh et al [26], and on Health 
on the Net Code of Conduct (HONcode) principles. [31] Determining the website quality 
involves assessing the same factors that readers of print publications depend on: authorship 
of content, attribution to the sources of content, disclosure of funding and competing 
interests, and timeliness of information presented. [32] Readability was assessed using the 
Flesch-Kincaid Grade Readability score. [33]  
Assessment was divided into subjective items relating to accuracy of burn first aid 
information, which was reviewed by four independent reviewers (JB, LC, ZT, RK) and 
objective items for website quality, which were recorded by one reviewer (JB).  Inter-rater 
reliability was determined using Intraclass Correlation Coefficients (ICCs). An ICC value 
greater than 0.7 is recommended as an acceptable standard for reliability. [34] 
Two scoring systems were developed by the authors, one for content accuracy and the other 
for website quality. The content accuracy score ranged from 0 to 10 (e.g. 0 = poor accuracy, 
10 = excellent accuracy). The accuracy score breakdown is shown in Table 9. The website 
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quality score ranged from 0 to 12 (see score breakdown in Table 10). Website quality and 
accuracy scores were also analyzed in two groups based on their country (area) of origin: 
the US and Australasia. A Z-test was used to assess differences in proportion of mean 
scores between geographic website groupings.  
Included websites were also rated for usability and accuracy in a crisis situation on a Likert 
scale of 0 to 5 (0 = poor usability/accuracy, 5 = excellent usability/accuracy) by four 
reviewers (JB, LC, ZT, RK). Crisis usability scores were based on how quickly burn first aid 
information could be found on the website (within 2-3 clicks of the mouse), how easy the 
information was to understand, if the website provided illustrations to explain the first aid 
instructions, and if easy to identify step-by-step instructions were provided. Crisis accuracy 
scores were based on the websites inclusion of the four burn first aid principles (remove, 
cool, cover and seek) as well as information about different burn types and severities. 
RESULTS 
The website searches returned a total of more than 94 million results. The first 10 websites 
from the four search engines were recorded. Of those, 14 websites were included after 
removing duplicates. The country of origin of the included sites were the US (7), Australia 
(6) and New Zealand (1). The websites with the highest-ranking page order on all four 
search engines were Mayo Clinic (US), Better Health Victoria (AUS), My Dr (AUS) and St 
John (NZ).  
Content accuracy  
The mean total content accuracy score for the 14 websites was 5.6 out of 10 with a standard 
deviation of 2.3. Twelve sites (86%) mentioned removing clothing/jewelry from the burn 
area, and the majority of sites (86%) mentioned cooling the burn with cool running water 
(CRW). However, the time stipulated for applying CRW varied from ‘several minutes’, to ‘five 
minutes for a minor burn or 10 to 15 minutes for a major burn’. Seven sites (50%) 
recommended 20 minutes CRW, and three sites recommended 10 to 15 minutes CRW. 
Three sites (21%) mentioned that applying CRW was beneficial for up to three hours after 
the time of the burn occurring. Two sites warned against applying CRW stating it “may cause 
hypothermia”.  
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Table 9: Content accuracy items, scores, and inter-rater reliability scores for the 14 included 
websites. 
 
Keeping the patient warm while applying CRW was mentioned in 10 sites (71%), and 
alternative treatments if CRW is not available were mentioned in six sites (43%). Covering 
the burn with cling film or a clean cloth was mentioned in eight sites (57%), and seeking 
medical help if the burn was larger than a 50-cent piece (or equivalent) was mentioned on 
seven sites (50%). Eight sites (57%) recommended seeking medical attention if the burn 
was to a specific body area – face, groin, hands. Only five (36%) sites offered specific advice 
if the burn was to a child.  One site falsely advised site visitors to treat the burn with ice – 
the majority of sites warned against the use of ice. [11,35] 
Content Accuracy 
Score out 
of 10 
Y / N 
Information 
included 
No. of sites (%) 
Inter-rater reliability 
*ICC score 
1= perfect agreement 
STOP the burn – remove patient from 
source of heat/danger 
1 / 0 8 (57%) 1 
REMOVE clothing/jewelry from the burn 
area 
1 / 0 12 (86%) 1 
COOL the burn – apply cool running 
water 
1 / 0 12 (86%) 1 
COVER the burn with cling film or a 
clean cloth  
1 / 0 8 (57%) 0.982 
Keep patient warm / risk of hypothermia 1 / 0 10 (71%) 0.967 
Alternative cooling methods if cool 
running water not available  
1 / 0 6 (43%) 0.957 
SEEK medical attention if: 
  – burn larger than a 50-cent/half-dollar 
coin (or equivalent) 
  – burn in specific area (face, groin, 
hands) 
  – deep/major burn 
  – burn is to a young child 
 
1 / 0 
1 / 0 
1 / 0 
1 / 0 
 
7 (50%) 
8 (57%) 
4 (29%) 
5 (36%) 
 
0.915 
1 
1 
1 
Maximum content accuracy score 10   
*ICC = Intraclass Correlation Coefficient 
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Inter-rater reliability for the content accuracy of the sites was very high (see Table 9). In 70% 
of the accuracy questions there was perfect agreement across all raters. Of the remaining 
30%, the mean ICC value was 0.94.  
Website quality  
The mean total website quality score was 6.6 out of 12 with a standard deviation of 2.1. 
Overall quality was assessed in three different ways: accessibility/usability; credibility; and 
currency. 
Accessibility/Usability  
The mean accessibility/usability score was 2.3 out of four with a standard deviation of 0.84. 
Based on the Flesch-Kincaid Grade Reading Level, seven sites (50%) were written below a 
fifth-grade reading level (range 4.7-8.5 GRL) (Table 10).  Four sites (29%) offered versions 
in languages other than English and these websites were all from the US. One site offered 
text resizing. Four sites (29%) offered additional media options such as video or audio. All 
of the included websites featured consistent template designs and were adaptive to a mobile 
device screen (e.g. smartphone). Search mechanisms were provided in the majority of sites 
(93%). Nine sites (64%) used graphics to help explain first aid. All sites provided working 
external hyperlinks to other websites and/or research information. These hyperlinks were 
directed to commercial products and services (57%) or other health-related sites (43%).  
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Table 10: Website quality items and scores for the 14 included websites. 
Website Quality  Score out of 12 Y / N 
Information 
included number 
of sites (%) 
Accessibility / Usability Score out of 4  
< 5th Grade Reading Level 1 / 0 7 (50%) 
Additional media options (text resizing, audio) 1 / 0 4 (29%) 
Additional language options 1 / 0 4 (29%) 
Search mechanism 1 / 0 13 (93%) 
Credibility Score out of 5  
Authors details provided 1 / 0 9 (64%) 
Author has medical qualification  1 / 0 4 (29%) 
References provided  1 / 0 8 (57%) 
Disclaimer - not to replace medical advice 1 / 0 6 (43%) 
Source of funding disclosed 1 / 0 8 (57%) 
Currency Score out of 3  
Copyright dates provided 1 / 0 9 (64%) 
Date page last updated provided 1 / 0 9 (64%) 
Page last updated <12 months ago 1 / 0 2 (14%) 
Maximum website quality score  12  
 
Credibility 
The mean credibility score was 2.9 out of three with a standard deviation of 1.1. Nine sites 
(64%) were created by medical or health-related organizations/institutions (Table 10). The 
author(s) of content pages was displayed on nine sites (64%); however, of the sites that 
provided this information, less than half of the authors had medical credentials. Eight sites 
(57%) provided bibliographies or references for borrowed content. Just under half the sites 
(43%) had a disclaimer that the information provided was not intended to replace the advice 
of a personal physician or other medical professional. Eight sites (57%) indicated their 
source of funding was non-commercial (36%) or government (21%).  
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Currency 
The mean currency score was 1.3 out of five with a standard deviation of 0.8. Copyright 
dates were provided on the home page of nine sites (64%) to show how long they had been 
registered on the Internet (Table 10). Over half of the sites displayed when the content pages 
were published or last updated; of those that did the majority (80%) were updated more than 
18 months ago. 
Content accuracy and website quality scores varied between websites and within websites 
with some websites scoring high in accuracy but low in quality, and vice versa (Figure 12).  
 
 
Figure 12: Content accuracy scores (out of 10) and website quality scores (out of 12) for each of the 
14 included websites. 
Website quality and accuracy scores were analyzed in two groups based on their country 
(area) of origin: the US and Australasia (Figure 13). The mean quality score for US websites 
was 7.4 out of 12 with a standard deviation of 1.9, and the mean accuracy score was 4.4 
out of 10 with a standard deviation of 1.9. The mean quality score for Australasian websites 
was significantly lower than that of the US websites, with 5.8 out of 12 with a standard 
deviation of 2.1 (p <0.05). However, the mean accuracy score for Australasian websites was 
significantly higher than the US websites with 6.7 out of 10 with a standard deviation of 2.2 
(p <0.05). 
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Figure 13: Comparing content accuracy and website quality by geographic location of the 14 included 
websites. 
Included websites were also rated for usability and accuracy in a crisis situation on a Likert 
scale of 0 to 5 by the four reviewers (Table 11). The median crisis usability score across all 
websites was 3 out of five (geographical scores: US 2.5, AUS 4) and the median crisis 
accuracy score across all websites was 3.5 out of five (geographical scores: US 3, AUS 4).  
 
Table 11: Website usability and accuracy scores in a crisis situation. 
Criteria Low score = 0 High score = 5 Overall 
median 
score 
Median 
score 
US 
websites 
Median 
score 
AUS 
websites 
Inter-rater 
reliability 
*ICC 
score 
Usability 
in a crisis 
situation 
Of no benefit, 
hard to find 
information, 
mostly full text 
paragraphs 
Site provides easy to 
understand/follow 
burns first aid advice 
that is quickly 
accessible on site 
3 2.5 4 0.929 
Accuracy 
in a crisis 
situation 
More harmful 
than beneficial - 
site contains 
inaccurate first 
aid treatment 
options 
First aid information 
is accurate and 
relevant for a range 
of emergency burn 
situations/patients 
3.5 3 4 0.964 
*ICC = Intraclass Correlation Coefficient. 
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DISCUSSION 
This study critically assessed the quality of burn first aid treatment information available on 
the Internet in the top 14 websites found when searching for “burn first aid”.  
Given the explosive growth of the Internet and the role it plays in providing consumer health 
information, it is increasingly important that the quality of health-related websites is 
evaluated. Although standards for assessing health and medical information on the Internet 
are emerging, as yet none are validated. [36] In 2013, Butler et al [37] assessed the clinical 
accuracy of burn first aid available on YouTube, and similar to findings from Tiller et al [27] 
reported that the information provided was unsatisfactory ond often inaccurate.   
The use of correct burn first aid positively effects injury outcomes, resulting in faster re-
epithelialisation and reduced scarring. [38] Therefore, it is important that the general public 
is aware of correct burn first aid treatment. This is particularly important for parents and 
carers of young children under the age of four who have a high incidence of burn injuries.  
Numerous studies report high rates (50-80%) of burn patients receiving inadequate or 
inappropriate first aid, and many receiving no first aid at all. [13,14,16] The inadequate first 
aid treatments noted were irrespective of burn size. While many studies report that 
parents/caregivers initially cool the burn with water, few applied it for the recommended time. 
[14,16-17,39] 
It is not surprising that there is confusion about burn first aid among parents and caregivers 
as there are also variations in recommended burn first aid treatments between countries 
and organizations within countries [40], and this is apparent in the differences found in the 
websites analyzed in the current study. 
Equally inconsistent and potentially confusing is the variation in burn severity terms used 
(for example: 1st, 2nd or 3rd degree versus superficial, partial and deep dermal), and the 
various recommended water cooling times. While all of the sites from Australasia conveyed 
the guidelines from the Australia and New Zealand Burns Association (ANZBA) to apply cool 
running water for 20 minutes [30], there were differences noted in the US websites burn 
cooling recommendations. One reason for this may be inconsistencies in guidelines from 
US burn and first aid agencies. The American Burn Association recommends treating a 
minor burn with cool running water for at least five minutes (no information was available 
regarding cooling for other burn severities), and the American Red Cross and American 
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Heart Association recommends applying cool running water for 10 minutes or ‘until the pain 
is relieved’. [40-41]  
Many studies have recommended applying cool running water for 20 minutes for optimum 
burn first aid [6,8,12] based on animal and observational studies. A recently published, large-
scale human study looking at the benefits of cool running water with injury outcomes has 
confirmed the results of these studies. [20] Applying cool running water for 20 minutes within 
three hours of the burn occurring led to a significant reduction in ICU admissions and wound 
repair surgery, as well as reducing the average hospital stay by more than two days. [20]  
Nine websites (64%) provided information about burn severity/depth. Some sites suggested 
different first aid depending if the burn was minor or major but didn’t give an explanation of 
what classified the burn as major or minor, or the definition was written in a way that would 
be difficult for a layperson to understand.  Only one site suggested the use of ice as a burn 
treatment; however, many of the sites suggested applying moisturizer, aloe vera, antiseptic 
cream, hydrocortisone or petroleum jelly which are not recommended first aid treatments for 
burns.  
It is interesting to note the differences in website quality scores and accuracy. Many of the 
websites that scored higher for website quality, scored low for accuracy. The US websites 
tended to score higher in website quality and lower in accuracy, while the Australasian sites 
fared better with accuracy than website quality. However, when the websites were assessed 
for usability and accuracy in a crisis situation, these results differed.  The US websites had 
less illustrations, fewer easy to read step-by-step first aid instructions, and in terms of 
accuracy, many sites did not cover all four principles of burn first aid.  
The inconsistency in the burn first aid information provided in the included websites is 
problematic for the end user. These inconsistent messages can allow inappropriate and 
potentially damaging treatments like ice, burn gel/ointment, toothpaste, honey, dairy 
products and eggs to continue.  
To avoid public confusion, it is imperative that there is global consistency in the advice given. 
In a crisis situation, for example when a toddler spills a cup of freshly boiled coffee over 
themselves and a mother turns to the Internet to find out what to do, it will serve her better 
if there are consistent, easy to find and understand treatment instructions available to her.  
However, as this study has demonstrated, she is more likely to get mixed messages 
depending on which websites she visits.   
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The searches undertaken for this study were conducted with a ‘clean’ computer with no 
browsing history or geographic preferences in order to replicate what a member of the public 
might expect to see returned from a similar search. The number of websites returned from 
our searches were equally split based on their country (area) of origin. This highlights the 
need for consistent burn first aid advice to be delivered to the global community searching 
online.  
It is equally important for health and safety institutions/organizations to ensure that their 
websites are search engine optimized so they appear on the first page of a search engine. 
If the information is accurate, immediately useable and of high quality but it appears on the 
fourth or fifth page of a search then chances are the public will not see it.  
This study has some limitations. The search strategy used was limited to the one search 
term. Different keywords would have resulted in different websites being returned. Also, the 
use of different search engines from those used in this study would have resulted in different 
websites being returned and evaluated. The use of an English search term also limited the 
websites that were evaluated to those written for an English-speaking audience. As there 
were no validated tools available for website evaluation, only the Flesch-Kincaid Grade 
Reading Level tool was used to evaluate the readability of the sites. No validated tools were 
available for the evaluation required for this study. 
CONCLUSION 
Accurate information about burn first aid is difficult to find on the Internet. For the general 
public who use the Internet as a primary source of health-related information the results of 
this study are concerning. The ineffective and inaccurate burn first aid treatments seen in 
patients attending emergency departments and medical clinics are mirrored in the burn first 
aid information that appears online. To improve injury outcomes for children with burns, it is 
important that parents and caregivers are aware of the correct burn first aid treatment. 
Improving the accuracy and quality of burn first aid information on the Internet is one way to 
achieve this outcome.  
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CHAPTER 6 CONCLUSION 
Chapter 6 relates to Stage 3 of this research, and comprises a content analyses of websites 
that contain information on burn first aid. In this chapter, content accuracy and website 
quality of 14 websites obtained by searching the four most commonly used search engines 
were assessed. The results confirm that burn first aid treatment information available online 
is inconsistent and of poor quality. While most sites recommended the use of cool running 
water, only half mentioned the optimal duration of 20 minutes. This is problematic given the 
high use of the Internet by members of the general public, and particularly parents of young 
children who are frequent users of the Internet (as reported in Chapter 5).  
Applying correct burn first aid has many benefits to the wound outcome; and cool running 
water is often easily accessible and freely available.  There is a compelling need to make 
parents and caregivers of young children aware of this simple, cheap and effective 
treatment, which relieves pain, and can have a significant effect on the wound outcome. 
The next four chapters of the thesis (Chapters 7-10, Stage 4 of this research) specifically 
relate to this secondary prevention step of increasing awareness and changing knowledge 
about burn first aid. Based on the literature and the findings presented in Chapters 4-6, a 
smartphone app intervention was developed to increase knowledge of burn risks and burn 
first aid. An RCT was conducted to evaluate this intervention. Development, implementation 
and evaluation of the intervention are described in the following chapters.  
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CHAPTER 7 FOREWORD 
This chapter is the first of four chapters relating to the intervention developed for this thesis 
(Stage 4 of the research). Cool Runnings is an app-based intervention designed to increase 
awareness of HBS injuries and correct burn first aid. This intervention was informed by the 
literature and the findings reported in Chapters 4-6 of this thesis. As noted in the third step 
in the Public Health Model, once the problem (injury) has been defined, and the risk and 
protective factors have been identified, the next step is to develop, implement and evaluate 
an effective intervention. Accordingly, a randomised controlled trial (RCT) was implemented 
to evaluate the intervention. 
This intervention combines the innovative technology of a smartphone app with 
gamification strategies. By incorporating gamification techniques into the intervention, it is 
possible to make a routine non-game activity, such as learning how to keep children safe 
from injuries, into something that is fun and engaging by adding game elements—such as 
earning points and rewards for learning about childhood injury risks. 
Although there are a multitude of gamified health-related apps currently available for 
chronic disease management, smoking cessation and weight loss, to date there has been 
no research into the efficacy of using gamification specifically for injury prevention 
interventions. The Cool Runnings app combines gamification, behaviour change strategies 
and relevant content to increase knowledge and awareness of hot beverage scald risks 
and burn first aid among mothers of young children. 
This chapter specifically relates to implementation of the RCT of the intervention. It is the 
protocol of the RCT, and as such, the rationale, objectives, design, methodology, and 
statistical considerations for the Cool Runnings RCT are described in detail.  
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ABSTRACT 
Background 
Globally, burns are the fifth leading cause of non-fatal children’s injuries, and the leading 
cause of childhood burns is hot beverage scalds. Although there have been a number of 
programs aimed at preventing scalds in children, very few have specifically addressed hot 
beverage scalds, and fewer have reported a reduction in injury rates. In Australia, hot 
beverage scalds account for 18% of all childhood burns—a figure that has remained 
constant for the past decade.  
Innovative new technologies such as smartphone applications (apps) present a novel way 
for delivering individual-level injury prevention messages.  The low cost, scalability and 
broad reach make this technology an ideal channel for health interventions.  
One of the latest methods being used in health-related apps aimed at behaviour change is 
gamification. Gamification uses the gaming principles of rewards, competition and 
personalisation to engage participants and motivate them towards preferred behaviours.  
This intervention will use a smartphone app-based platform that combines gamification and 
behaviour change strategies to increase knowledge and awareness of hot beverage scald 
risks and burn first aid among mothers of young children. 
Methods 
This is a two-group, parallel, single-blinded randomised control trial (RCT) to evaluate the 
efficacy of a smartphone app-based injury prevention intervention. The primary outcome 
measures are a percentage change in participant knowledge about the risk of hot beverage 
scald injuries in young children, and a percentage change in knowledge about correct burn 
first aid. The secondary outcome measures will be the frequency of engagement with the 
Cool Runnings app and number of intervention message ‘shares’ on social media.  
Queensland-based mothers aged 18+ who own a smartphone and have at least one child 
aged between 5 and 12 months are eligible to participate.  
Discussion 
To our knowledge, this is the first study to evaluate an app-based delivery of injury 
prevention messages, and the first study to test the efficacy of gamification techniques in an 
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injury prevention intervention. If this intervention is found to be effective, this RCT will 
provide a platform for targeting other childhood injury prevention campaigns. 
Trial Registration Australian New Zealand Clinical Trials Registry: 
ACTRN12616000019404 
 
 
Keywords: paediatric; burns; scalds; injury prevention; intervention; smartphone 
applications 
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BACKGROUND 
In Australia, as in most developed countries, hot beverage scalds are the leading cause of 
burn injuries in young children. Studies from the US, Australia and the UK show hot 
beverage scalds account for at least 20% of all childhood burns. [1-3] The high incidence of 
hot beverage scalds make it an important paediatric public health issue, yet it is often 
overlooked in research and injury prevention. Although there have been a number of  
programs and interventions aimed at the prevention of burns and scalds in children in the  
past decade, very few have specifically addressed hot beverage scalds, and fewer have  
reported a reduction in burn and scald injury rates. [4, 5] In Australia, hot beverage scalds  
account for 18% of all childhood burns—a figure that has shown no decline in the past 10  
years.[6] Given the high incidence of these injuries, it is essential that targeted prevention  
strategies are developed to curb this ongoing paediatric public health issue.  
Not only are hot beverage scalds painful, they carry a risk of lifelong psychological stress 
and physical scarring. [7-9] As well as the physical and emotional consequences, the 
associated financial costs of managing these injuries on the healthcare system are also 
substantial. [10] Therefore, developing targeted prevention strategies to reduce these 
injuries are essential.  
Innovative new technologies such as smartphone applications (apps) present a novel way 
to deliver individual-level injury prevention messages [11], and health behaviour change 
researchers are harnessing this technology as an intervention tool. The low cost, scalability 
and broad reach make this technology an ideal channel for health interventions. The global 
ownership of smartphones is growing. In 2014, 81% of Australian adults owned a 
smartphone, and the largest segment of smartphone users are 18-34 year olds—the age 
group being targeted in this intervention. [12] Smartphone ownership goes beyond 
socioeconomic status boundaries. [13] This medium is personal (individualised and 
targeted) and portable (always on), and allows for easy intervention delivery.  
One of the latest methods being used in health-related apps aimed at behaviour change is 
gamification. Gamification is defined as “…applying game mechanics and game design 
techniques in a non-game context in order to engage and influence people’s beliefs, 
attitudes and behaviours”. [14] Gamification uses the gaming principles of rewards, 
competition and personalisation to engage participants and motivate them towards preferred 
behaviours.  
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This intervention will use a smartphone app-based platform that combines gamification and 
behaviour change strategies to increase knowledge and awareness of hot beverage scald 
risks and burn first aid among mothers of young children. To our knowledge this is the first 
study to evaluate a gamified app-based platform targeting injury prevention. 
METHODS 
Study design 
A two-group, parallel, single-blinded randomised control trial (RCT) of a technology-based 
education intervention (Figure 14). The protocol for this study has been reported according 
to the revised Consolidated Standards for Reporting Trials (CONSORT) guidelines. [15]  
Study setting 
Participants from Queensland, Australia will be recruited via online social media 
advertisements, specifically through Facebook and Instagram. Treatment (intervention 
messages) delivery will be smartphone-based through the Cool Runnings app. 
Ethics approval 
This study is registered with the Australian New Zealand Clinical Trials Registry 
(ACTRN12616000019404) and approved by the University of Queensland Institutional 
Human Research Ethics Committee (approval number: 2015001652). 
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Figure 14: Flow chart of the Cool Runnings trial. 
Participants 
Inclusion criteria: Mothers aged 18+ years of age, who own a smartphone, and have at least 
one child aged between 5 and 12 months at enrolment. 
Exclusion criteria: Participants will be excluded from this study if they do not meet the 
inclusion criteria. However, because of the method of recruitment (voluntary response to an 
online advertisement), it is not possible to be 100% confident that all participants fulfil the 
inclusion criteria.  
Follow-up
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period 6-months
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Randomisation 
(approx. 240 in 
each group)
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Consent              
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Selection bias 
Selection bias is expected to be minimal by the fact 77% of Australian mothers own a 
smartphone. [16] Globally, mothers with children under five-years are the most active on 
social media. [17] In Australia, 60% of the Australian population use Facebook and the 
largest segment are females aged 25-34 years. [12]  
Recruitment 
Recruitment will be through online advertisements via social media targeted at Queensland-
based mothers, aged 18+ years, who own a smartphone (Android or Apple), and have at 
least one child aged between 5-12 months at the time of recruitment. Facebook 
advertisements can be specifically targeted only to women who meet the age range, child-
age and geographic location. Potential participants will be given additional information about 
the study once they click on the link from the online advertisement, and can then download 
the free app. Participants are shown a participant information page and can consent to the 
study by clicking on the ‘I have read the study information and I consent to participating in 
Cool Runnings’.  Participants are then randomised to either the control or intervention group. 
Randomisation 
Randomisation will occur through a simple randomisation table created by computer 
software (i.e. computerised sequence generation). Randomisation will also be stratified by 
maternal age (18 to 28 years; 29 years and above), based on mean national maternal age. 
[18]  
Blinding 
The nature of this study mitigates against full blinding; however, most aspects of this RCT 
can be blinded. Both participant groups will download the app but are blinded to allocation. 
The consent form does not mention a control and intervention group (the terms green group 
and blue group are used), nor the gamification strategies for each group. Study investigators 
will assess the outcome data collected from the pre- and post-questionnaires in a blinded 
format. Following that point, blinding is not possible for analysing the results of the 
gamification strategies as they only apply to the intervention group. All personal and 
identifiable participant information will be held by the platform Licensor, iPug Pty Ltd, and 
only de-identified information will be given to the study investigators. 
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Sample size 
A cross-sectional study of knowledge and attitudes toward burns first aid in Queensland by 
Cuttle et al, [19] showed that 29% of mothers of children aged 0-4 years in Brisbane correctly 
identified appropriate burns first aid (cool running water for 20 minutes). Assuming 90% 
power and alpha = 0.05, in order to detect a 20% increase in the proportion of mothers who 
can correctly identify the appropriate burns first aid (type and length) in the intervention 
group relative to the control group, 240 participants in total are required (120 each in 
intervention group and control group), with 95% confidence. This will allow detection of 
improvement in the intervention group from 29%-49%, with no improvement in the control 
group.  
In order to determine the proportion of participants who correctly identify the main cause of 
burns/scalds in children under 15 years, and/or the main age group at risk for burns/scalds, 
a sample size of 96 is required. This will allow detection of the true proportion in this 
population with 95%CI and 10% precision (assuming 50% prevalence, the most 
conservative estimate possible). Further, in order to detect a subsequent increase in 
knowledge of 20% on both these dimensions for the intervention group relative to the control 
group, a total sample size of 240 is required (120 in each group). Assuming 50% loss to 
follow up in each group, a total sample of 480 is required (240 intervention; 240 control).  
Intervention 
Cool Runnings is an app-based platform that has been developed to implement this 
intervention. This RCT has an intervention group and an active control group. 
Intervention group: During the six-month intervention period the intervention group will 
receive weekly push notifications from the app inviting them to “Play”. Once every three 
weeks, the ‘game’ will feature one of the nine intervention messages; the format of these 
messages will be either an infographic, motion graphic or 30-second video (Figure 15). The 
intervention messages will focus on hot drink scald risk factors associated with a child’s age 
and developmental stage, and the correct burn first aid treatment. During the other two 
weeks in-between, participants will be given opportunities to participate in activities that 
continue to engage them, such as posting images of safety devices around the home or 
answering pop quizzes. The app will record how often participants open, view and engage 
with the program. The challenge is to keep participants invested in-between the actual 
intervention messages. Each time they participate in a ‘game’ they earn points, which means 
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they have a better chance of earning rewards. Participants will accrue points with each full 
engagement, and once they achieve a certain number of points they will then be eligible to 
gain a reward. These rewards include shopping and movie vouchers. Participants in this 
group will also be able to view a ‘leader board’ so they can monitor their points being accrued 
and compare their points with other participating mothers.   
Control group: This group will access a slightly different app interface, and will only receive 
three infographic messages over the six-month intervention period (weeks 4, 10 and 16) 
(Figure 15). Two of these messages will be the same as the intervention group receives 
(about the leading causes of burns in children, and about sharing the infant's new 
developmental skills, e.g. standing, climbing, with grandparents and other caregivers). The 
third infographic is about childhood injuries in the home. There will be no gamification 
strategies, prizes or incentives offered to the control group; however, they will go in the draw 
to win one of two iPad Minis for completing both the pre- and post-questionnaires. It is hoped 
that the potential to win prizes will minimise loss to attrition. The app will record how often 
control group participants open, view and engage with the program. At end of the 
intervention period the control group will be provided with the same information as the 
intervention group via their smartphone app, which will be updated to include the intervention 
messages. A push message will be sent to participants in the control group inviting them to 
view the new content.    
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Figure 15: Content calendar for intervention and control group. 
  
Intervention group
Week 1
Frequency
30-second motion graphic
Week 4
Burn injuries
Infographic
Week 7
Developmental stage:  pre-mobile infant
Infographic
Week 10
Burn first aid
Infographic
Week 13
Developmental stage: crawling
Infographic
Week 16
Severity
30-second motion graphic
Week 19 
Keeping carers informed
Infographic
Week 22
Burn first aid
30-second video
Week  25
Developmental stage: walking, 
Infographic
Control Group
Week 4
Burn injuries
Infographic
Week 10
Burn & scald safety tips 
Infographic
Week 19
Keeping carers informed
Infographic
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Data collection 
Both the intervention and control groups will complete demographic questions and two brief 
questionnaires (pre- and post-intervention). Demographic information includes: age, area of 
residence, education, marital status, current smoker, and country of birth. This data will be 
collected via the Cool Runnings app. Any identifiable information about participants will be 
stored on a secure, password-protected, encrypted server by the platform Licensor (iPug 
Pty Ltd), and only de- identified information will be passed on to the study investigator. The 
Licensing Agreement contains a confidentiality clause that states no information will be 
released by the Licensor to any third parties. 
Primary outcome measures 
Both the intervention and control groups will complete demographic questions and two brief 
questionnaires (pre- and post-intervention). Demographic information includes: age, area of 
residence, education, marital status, current smoker, and country of birth. This data will be 
collected via the Cool Runnings app. Any identifiable information about participants will be 
stored on a secure, password-protected, encrypted server by the platform Licensor (iPug 
Pty Ltd), and only de- identified information will be passed on to the study investigator. The 
Licensing Agreement contains a confidentiality clause that states no information will be 
released by the Licensor to any third parties.  
Secondary outcome measures 
The secondary outcome measures relate to the gamification methods, measuring 
participants’ frequency of engagement with the Cool Runnings app (see Table 12). 
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Table 12: Outcome measures from pre- and post-intervention questionnaires for Cool Runnings. 
Primary outcome questions Answer options 
Hot beverage scald risk 
What do you think is the main cause of burns / scalds in children aged 0-15 
years in Australia? 
 
• Bath / taps 
• Heaters 
• Hot drinks 
• Camp fires 
• Kettle/stovetops 
• Hair straighteners 
• Oven doors 
• BBQs 
What age group do you think is most at risk of receiving this type of burn 
/scald injury? 
• Under 2 years 
• 2- 5 years 
• 6-10 years 
• 11-15 years 
Burn first aid treatment 
What is the recommended first aid treatment for a burn or scald? Open-response  
When someone has a burn it is recommended that you should apply cold 
running water. Do you know for how long you should apply cold running 
water? 
 
NB: This question was hidden until after the previous question was answered 
• 1-5 minutes 
• 6-10 minutes 
• 11-15 minutes 
• 16-19 minutes 
• 20 minutes or more 
Secondary outcome measures  
Frequency of:  
• App opens  
• Intervention message views  
• Pop quiz completions  
• Photo sharing 
 
 
Data analysis 
All statistical analyses will be conducted using SPSS version 23 (IBM Corporation, Armonk, 
New York, USA). Descriptive statistics will describe and compare the characteristics of the 
intervention and control groups’ participants, and pre-knowledge difference. Chi-square 
analyses will be conducted in order to determine whether there is an increase in the 
proportion of mothers who can correctly identify the appropriate burns first aid (type and 
length) (component 1), the main cause of burns/scalds in children under 15 years 
(component 2), and/or the main age group at risk for burns/scalds (component 3), in the 
intervention group relative to the control group post intervention.  
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Increase in knowledge can also be considered a categorical variable (increase versus no 
increase). Cumulative incidence of increased knowledge in the intervention group versus 
control group will be calculated, as well as Relative Risk, Absolute Risk, Absolute Risk 
Reduction and Numbers Needed to Treat. This will allow examination of the strength and 
magnitude of the association between the intervention and any change in knowledge.  
Where the sample size allows, stratified analyses will be conducted to assess the effect of 
the intervention in subgroups (age groups; socioeconomic status). In addition, logistic 
regression will be used to assess increase versus no increase in knowledge of each of the 
three components of the primary outcome measure. Crude and adjusted analyses will be 
reported. Methods such as ANCOVA will be used to assess the effect of the intervention 
while controlling for pre-intervention knowledge, as well as relevant (demographic) 
confounding factors (this may include, but is not limited to age, socioeconomic status, 
rurality, education). Confounding factors will be identified in the descriptive analyses.    
DISCUSSION 
By increasing awareness of the frequency and severity of hot beverage scalds, and 
providing mothers with regular age-relevant messages of the potential risk factors, they will 
be better equipped to take preventative measures. This intervention also incorporates burn 
first aid messages. This information is critical because the use of correct burn first aid has 
such a positive effect on the injury outcome, including faster wound healing and reduced 
scarring. [22] It is important that the general public is aware of correct burn first aid treatment, 
particularly parents and carers of young children who have a high incidence of burn injuries.  
This study has some limitations. Although the app allows interactivity and some ‘community’ 
with other mothers sharing and commenting on photo shares in the intervention group, there 
is no direct contact with participants. Also, to minimise the burden to participants there is a 
limit on how much information can be collected. Recruitment is via online social media, 
which limits participants to only those who use this medium. Also, the intervention is only 
available via a smartphone app, limiting participants to those who own such a device. 
However, because of the widespread use of social media and smartphone ownership in the 
target group for this trial [12, 16, 17] these limitations are considered minimal. The use of 
this online approach allows for a broader state-wide reach (or nationally if desired), is cost-
effective, and results in faster recruitment compared to traditional methods. In the first three-
weeks alone, 338 participants were recruited to this trial.  
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The use of gamification in this intervention has the potential to increase engagement and 
retention of participants, as well as reinforcing the key intervention messages through tactics 
such as photo sharing and pop quizzes. Although there are a multitude of health-related 
apps currently available for chronic disease management, smoking cessation and weight 
loss, [23] to date there has been no research into the efficacy of using gamification in injury 
prevention interventions.  
To our knowledge, this is the first study to evaluate an app-based delivery of injury 
prevention messages, and the first study to test the efficacy of gamification techniques in an 
injury prevention intervention. If this intervention is found to be effective, this RCT will 
provide a platform for targeting other childhood injury prevention campaigns. 
SIGNIFICANCE OF STUDY 
Unintentional childhood injuries are the leading cause of hospital admissions and 
emergency department visits among children in the developed world. Therefore, reducing 
the incidence of childhood injuries is important. One way of achieving this goal could be to 
harness the popularity and technology of smartphone apps together with gamification 
techniques and proven behaviour change strategies. This study targets a specific, but 
common childhood injury. If this intervention is found to be effective, this RCT will provide a 
platform for targeting other childhood injury prevention campaigns, and other public health 
prevention campaigns generally.  
 
 
CHAPTER 7 CONCLUSION 
This chapter is the first of four chapters (Stage 4) relating to the Cool Runnings intervention 
developed for this thesis. The protocol presented in this chapter specified the research plan 
for the Cool Runnings RCT, including the study design, participants, outcome measures and 
data analysis. Chapter 8 relates specifically to the recruitment of participants into the RCT 
through social media. Chapters 9 and 10 relate to the results of the RCT. 
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CHAPTER 8: THE ADOPTION OF SOCIAL MEDIA TO RECRUIT 
PARTICIPANTS: COOL RUNNINGS RANDOMISED CONTROLLED  
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CHAPTER 8 FOREWORD 
Chapter 8 is the second of four chapters relating to the implementation of the RCT to 
evaluate the Cool Runnings intervention (Stage 4 of this research). One of the frustrations 
associated with research studies that involve human participants is the difficulty in recruiting 
sufficient participants who meet the inclusion criteria and are representative of the target 
population, within the allocated recruitment timeframe. Cool Runnings is a smartphone app-
based intervention. Hence, relying on traditional recruitment methods was not considered 
an appropriate strategy for recruitment into this study. Therefore, a more novel approach 
was used, one that more closely aligned with the technology employed in the intervention. 
In this study, social media (e.g., Facebook, Instagram) was used to recruit Queensland-
based mothers of young children to the Cool Runnings RCT. This chapter provides details 
on the methodology used.  
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ABSTRACT 
Background 
Using social media to recruit specific populations for research studies is gaining popularity. 
Given that mothers of young children are the most active on social media, and young 
children are the most at risk of preventable burn injuries, social media recruitment was used 
to recruit mothers of young children to a burn prevention intervention.  
Objective 
The aim of this paper was to describe the social media recruitment methods used to enrol 
mothers of young children to the app-based burn prevention intervention Cool Runnings.  
Methods 
Participants were recruited via paid Facebook and Instagram advertisements to a two-
group, parallel, single-blinded, randomised controlled trial (RCT).  The advertisements 
targeted women aged 18-years and older, living in Queensland, Australia, with at least one 
child aged between 5-12 months at the time of recruitment.  
Results 
Over the 30-day recruitment period in January to February 2016, Facebook and Instagram 
advertisements reached 65,268 people; generating 2,573 link clicks, 1,161 app downloads, 
and 498 enrolled participants to the Cool Runnings RCT. The cost per enrolled participant 
was AUD$13.08. Saturdays were the most effective day of the week for successful 
advertising results. The most popular time of day for enrolments was between 5 to 11pm. 
This recruitment strategy campaign resulted in a broad reach of participants from regional, 
rural and remote Queensland. Participants were representative of the population in regard 
to age and education levels.   
Conclusions 
To our knowledge this is the first use of social media recruitment for an injury prevention 
campaign. This recruitment method resulted in the rapid and cost-effective recruitment of 
participants with social, geographic and economic diversity who were largely representative 
of the population.  
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BACKGROUND 
More than half of the world’s population now has access to the Internet, and 2.8 billion 
people actively use social media. [1] Social media has become an integral part of modern 
society. It is more than just a place for friends to connect socially; it is used for politics, 
education, entertainment, shopping and health. While commercial companies were quick to 
see the potential of social media to reach and interact with large targeted populations, 
researchers were slow adopters. Increasingly social media platforms, such as Facebook, 
are being used to recruit participants for health and medical research. [2,3]  
Facebook’s ability to target advertising to specific demographics from its diversity of users 
offers researchers an opportunity to recruit populations which can be hard to access via 
traditional recruitment methods, including economically disadvantaged and geographically 
remote populations. [3,4,5] Globally, social media users have increased by 21% since 
January 2016. [1] Facebook alone has two billion monthly users. [6] In Australia, 
approximately 70% of the population actively uses Facebook, and the largest demographic 
are women aged between 25 and 34 years. [5] Mothers with children under five years of age 
are the most active on social media. [5,7]  
Burns are the fifth most common cause of non-fatal childhood injuries globally. [8] Most 
burns to children under the age of four years are scalds; predominantly from hot beverages. 
[9–11] In Australia, hot beverage scalds account for one in five burns to children—a figure 
that has remained the same for the past 15 years. [9] Added to this issue is the low use of 
optimal burn first aid at the scene, despite strong evidence that burn first aid applied within 
three hours of the burn occurring provides pain relief, and leads to less scarring, fewer 
surgical interventions and shorter hospital stays. [12] Beyond the pain, itching and scarring 
that can result from these injuries, there are also the long-term effects burns take on both 
the child and family. The frequent hospital visits/admissions for ongoing scar management, 
coping with changes in appearance, and people’s reaction to the scar can lead to social and 
psychological problems. There are also financial costs both to the family when parents take 
time off work to care for the injured child and their continuing rehabilitation needs, and the 
cost to the healthcare system. In the UK, the reported cost of treating a minor scald as 
GBP£1,850 (USD$2,400). [13] In children, this figure is higher, as scar management and 
surgical procedures continue until they stop growing.  
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The high physical, emotional and financial burdens associated with hot beverage scalds 
make it an important public health issue. Increasing awareness regarding burn severity and 
frequency of hot beverage scalds, as well as optimal burn first aid, is an important step in 
reducing the burden of this injury. [14–16] To date, public health interventions and injury 
prevention are areas where technology has been underutilised. 
In light of the popularity of social media in mothers of young children, and evidence of social 
media’s broad-reach, cost-efficiencies and capacity for targeting specific populations, social 
media was used to recruit mothers to an app-based burn prevention intervention—Cool 
Runnings. The Cool Runnings app was used as the channel for delivering the two-group, 
parallel, single-blinded, randomised controlled trial (RCT) over the six-month intervention 
period, and is described in detail elsewhere. [17] The purpose of this paper is to describe 
the use of social media as a tool for recruiting mothers of young children to this RCT. 
METHODS 
Participants 
Participants were recruited over a 30-day period for a two-group, parallel, single-blinded, 
RCT—Cool Runnings—aimed at changing knowledge about burn risks and correct burn first 
aid treatment in mothers of young children. The protocol for this study has been published 
previously. [17] The inclusion criteria for this study were females aged 18+ years, with at 
least one child aged between 5-12 months; owning a smartphone; and, residing in the state 
of Queensland, Australia. Participants were recruited through Facebook and Instagram 
advertisements between January and February, 2016. The State of Queensland is 
1,852,642 km2 (approximately 2½ times the size of Texas, or 3 times the size of France) 
with a population of 4.9 million. 
Facebook recruitment 
Facebook and Instagram advertisements were directed to the target group described above. 
Facebook’s Audience Insights tool was used to better understand the social and 
psychological triggers of the target group. The demographic filtering showed the audiences 
‘liked’ pages, lifestyle factors, education, job titles and frequency of activities, and this 
information informed the approach, messaging and strategies for recruitment on the two 
platforms. Targeted, persuasive ad copy was developed for the Facebook and Instagram 
advertisements. Ad sets used two message themes: incentive-based and emotive-based. 
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The incentive-based messages leveraged the ability to earn rewards and win prizes to drive 
recruitment. An example of one of the incentive-based messages is shown in Figure 16. The 
emotive-based messages created an emotional response in potential participants and called 
out the “greater good” of participating in a study aimed at keeping children safe. An example 
of an emotive-based message is:  
“21 children die each week in Australia from preventable injuries! Thousands more 
are hospitalised. With your help, we can reduce this. Download the Cool Runnings 
app and learn ways to protect your child and other children from preventable injuries.”  
Altruistic and incentive-based messages are recognised as influential motivators in 
behavioural studies. [18,19] Messages that arouse emotions in potential participants and 
make an impact are more likely to get their attention and motivate them to take action. [20] 
These messages also aimed to raise mothers’ awareness of the threat of injuries in young 
children, combined with an efficacy component to learn how to prevent these injuries. 
Messages that combine threat and self-efficacy components are more effective than just 
threat/fear based messages. [21]  
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Figure 16: Example of one of the incentive-based recruitment advertisements used on Facebook. 
A total of 45 advertisement sets were developed, each containing different combinations  
(i.e. device type, visual elements, message theme, and ad placement). The variables tested 
were Apple (iOS) versus Android, video versus photo versus carousel, emotive versus 
incentive, and Facebook mobile newsfeed versus Instagram advertisement. 
Thirty-two adaptions of the advertising copy were divided across the variables listed above. 
From the advertisements, interested individuals could click on an embedded link taking them 
directly to the Cool Runnings app in the Google Play or Apple App Store. 
Outcome measures 
Instagram is owned by Facebook, which allows the management of advertising campaigns 
and/or ad placement on both platforms from Facebook Ads Manager portal.  This portal 
provides the following advertisement metrics: 
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• Impressions—number of times ads were shown 
• Reach—number of individual people who saw the ads 
• Link clicks—number of people who saw ad and clicked through to download app  
• Video views—number of times video viewed for 3-seconds or more 
• Costs per 1000 impressions, per reach, per link click. 
The number of Apple and Android app downloads resulting from the advertisement link 
clicks, and the subsequent individuals who consented to participate in the study were 
calculated to determine the cost per participant. 
Study enrolment 
Once the app was downloaded, potential recruits were provided with additional information 
about the study and given the opportunity to consent to participate. Participants completed 
a 19-item questionnaire detailing demographic factors (such as education level, age of 
youngest child, number of children, marital status, and smoking status), and level of child 
burn risk knowledge and burn first aid knowledge. Participants also recorded their postcode, 
which was later recoded using Accessibility/Remoteness Index in Australia (ARIA) 2011 
data, developed by the National Centre for the Social Applications of Geographic Information 
Systems into the following categories: major cities; inner/outer regional; and, remote/very 
remote. [22]  
Ethics approval 
This study was approved by the University of Queensland Institutional Human Research 
Ethics Committee (approval number: 2015001652). 
RESULTS 
During the 30-day recruitment period 498 participants were recruited to the Cool Runnings 
study through Facebook and Instagram advertisements.  
Participant demographics 
The demographic characteristics of recruited participants compared with mothers who gave 
birth in Queensland in 2015 (the year the study was conducted), derived from the 
Queensland Perinatal Data Collection Report 2015 [23] shown in Table 13. While statistical 
comparisons were not possible, these data indicated that participants recruited for this study 
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were similar to the target population (mothers who gave birth in Queensland) on most 
characteristics (age group, marital status, country of birth, first-time mothers), except 
smoking status. No comparable data are available for education level or ARIA.  
Table 13: Demographic characteristics of recruited participants and Queensland population data for 
mothers in 2015. 
Characteristic Recruited 
participants, n (%) 
Queensland 
mothers, % 
Age   
18-24 years 89 (17.9%) 20% 
25-29 years 176 (35.4%) 28% 
30-34 years 161 (32.3%) 32% 
35-39 years 62 (12.4%) 16% 
40+ years 10 (2.0%) 4% 
First-time mothers 216 (43.4%) 41% 
Marital status   
Married/defacto 416 (83.5%) 84% 
Single 67 (13.5%) 14% 
Separated/Divorced 13 (2.6%) 1.4% 
Current smoker 97 (19.5%) 12% 
Country of birth   
Australia 419 (84.1%) 74% 
New Zealand 23 (4.6%) 5% 
United Kingdom 23 (4.6%) 3% 
Other 33 (6.6%) 18% 
Highest education level                N/A 
Less than Year 12 86 (17.3%)  
Year 12 completion 131 (26.3%)  
Advanced diploma/trade certificate 127 (25.5%)  
University degree 112 (22.5%)  
Post-graduate degree 42 (8.4%)  
ARIA a               N/A 
Urban (major cities) 238 (47.8%)  
Peri-urban (inner/outer regional) 205 (41.2%)  
Remote/very remote 49 (9.8%)  
a ARIA (Accessibility/Remoteness Index of Australia 
 
The location of usual residence was categorised using ARIA, developed by the National 
Centre for the Social Applications of Geographic Information Systems. Each geographical 
area was allocated a score between 0 and 15, based on the (road) distance to nearby towns 
that provide services. [24] Scores were then allocated to the following categories: urban 
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(major city: 0.0–0.2); peri-urban (inner regional: 0.2–2.4; outer regional: 2.4–5.92); and 
remote (remote: 5.92–10.53; very remote: 10.53 and greater). The broad reach of study 
participants is highlighted in Figure 17. 
 
Figure 17: Map of Queensland (area 1,852,642 km2), Australia, showing broad reach of study 
participants (marked by pins). 
Facebook recruitment outcomes 
Facebook and Instagram advertisements generated 420,402 impressions, and reached 
65,268 people; generating 2,573 link clicks and 1,161 app downloads. There were 291 post 
reactions (like, love etc.), 61 comments, and 164 shares. The cost of advertisements (ads) 
per 1000 impressions was AUD$16.39, per 1000 people reached AUD$105.40, and per 
recruited participant AUD$13.08. The recruitment process from ad impressions through to 
recruited participant is shown in Figure 18. Based on data from AppAnnie (San Francisco, 
USA), an industry standard app ranking and analytics company [25], in February 2016 the 
Cool Runnings app ranked number 48 in Australia for all educational app downloads. 
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Figure 18: Flowchart of recruitment process from Facebook impressions to recruited participants. 
Of the 45 ad sets, 22 (49%, 22/45) were emotive-based (12 [55%, 12/22] videos, 6 [27%, 
2/22] images, 4 [18%,4/22] carousel), 16 (36%, 16/22) were incentive-based (6 [38%, 6/16] 
videos, 6 [38%, 6/16] images, 4 [25%, 4/16] carousel), and the remainder used mixed 
themes. Two emotive-based video ads were the most effective—resulting in 72.1% 
(359/498) of all participants recruited. Saturdays were the most effective day of the week for 
participant enrollment, and 5-11pm was the most popular time of day with 55.0% (274/498) 
of enrollments occurring during these hours. The effect of advertisement optimization during 
each day of the recruitment period is shown in Figure 19. Once the advertisements started 
to be ineffective they were cut and the budget directed to the advertisements which were 
performing well. 
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Figure 19: Number of participants enrolled each day of the 30-day recruitment period. 
Thirty-two adaptions of the ad copy were developed based on the variables listed earlier 
and split-tested. In the first three-days of recruitment, 40 participants were recruited from 18 
of the 32 adaptions. The advertisements that did not resonate with the targeted audience 
were removed and the budget reallocated to the advertisements that were performing well. 
This process was repeated until just two advertisements remained—both emotive-based 
videos on iOS and Android. The remaining budget was then allocated to these two 
advertisements.  Individuals were removed from the advertising audience once they had 
been recruited. This saved advertising budget and stopped participants from continually 
seeing the recruitment messages. This ability to access Facebook’s analytics and real-time 
reports on the effectiveness of different images, message themes and message wording, 
allowed more effective and efficient use of time and resources.  
DISCUSSION 
Recruiting 498 eligible participants in 30-days for less than AUD$14 per participant 
demonstrates that recruiting using Facebook’s targeted paid advertising on its two platforms 
(Facebook and Instagram) is an efficient and cost-effective method for recruiting mothers of 
young children to public health research programs.  
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Targeted advertisements 
For this method of recruitment to have been so effective it was important to first understand 
how the targeted audience used social media, and what social media platforms they were 
using.  
Facebook is the most-widely used of the major social media platforms, and its user base is 
most broadly representative of the population as a whole across age and gender. [26,27] 
However, it is important to note that some social media platforms are more popular among 
certain demographics. For example: in Australia, Twitter is more popular among males; 
Pinterest is more popular among females; adults under 30 years prefer Instagram 
and Snapchat; while LinkedIn is more popular among older adults. [28] For targeting 
millennial mothers, Facebook and Instagram were an ideal choice given mothers’ active 
daily use on these platforms. 
Reach, representativeness and cost 
Accessibility to Facebook’s and Instagram’s large and diverse users, addresses one of the 
challenges facing many research projects when it comes to recruiting—adequate size and 
representativeness of sample. The literature confirms targeted Facebook advertising has 
been effective in recruiting populations based on geographic location, age and gender, but 
also specific, often hard to reach populations. [29-31] Mothers of young children were the 
focus of this recruitment strategy, and are the most active users on Facebook. [6,7] The 
targeted advertisements for this study delivered participants from a variety of 
socioeconomic, geographic and educational backgrounds. There was good representation 
of mothers across the age groups, and an almost equal split of primipara (first-time mothers) 
and multipara participants. These participants were largely representative of the target 
population (women who gave birth in Queensland in 2015) with regard to age, marital status, 
being a first-time mother, and country of birth. [23] 
While the participants for this study were well represented on Facebook, Instagram, and 
many other social media platforms, it is important to note there are populations that are not 
so well represented on social media, such as older, economically disadvantaged, 
rural/remote and less-educated individuals. [2] However, research by Pew Institute [32] 
shows these trends are changing. These issues and limitations also affect traditional 
recruitment samples.  
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A number of studies have compared social media recruitment with traditional recruitment 
methods in terms of cost and speed, with the majority showing social media to be more 
effective for both. [2,33] However, a review of 30 studies that compared social media with 
other recruitment methods reported only 12 (40%, 12/30) found social media to be the best 
recruitment method overall. [3] Social media recruitment is reported to be better for recruiting 
hard-to-reach populations. A systematic review by Thornton et al [2] reported the average 
cost per enrolled participant using Facebook recruitment was USD$17 (range $1.36 to 
$110). Traditional recruitment methods can cost USD$20–$500 per participant, depending 
on the strategy and target population. [34-36]  
Limitations 
This recruitment strategy had some limitations. The social nature of Facebook increases the 
likelihood of ‘snowballing’, with individuals sharing the study advertisements with their 
Facebook friends, potentially leading to sampling bias. Another limitation is relying on 
information people provide on their Facebook and/or Instagram profile, which may not be 
correct or up-to-date. Some interested individuals who received the targeted advertisements 
were not eligible for recruitment as they no longer lived in Queensland but had not updated 
their profile information. Because some of the baseline questions for Cool Runnings were to 
determine knowledge about burn risks to children, we were unable to mention burn 
prevention in children specifically in the advertisements. This may have led to confusion in 
interested potential recruits. Finally, the initial advertisement sets did not specify that 
participants had to have at least one child aged between 5-12 months. This led to some 
interested people downloading the app and then finding they were ineligible once they read 
the participant information/consent page. This issue was rectified in the second week of 
recruitment.  
To our knowledge this is the first use of social media recruitment for an injury prevention 
campaign. Based on the reach, representativeness, cost and speed of social media 
recruitment for this study, and as reported in the literature, this recruitment method would 
be beneficial for recruiting targeted populations at risk of specific injuries. It also has great 
potential for public health campaigns which want to reach and engage large numbers of 
people—whether it be to promote healthy behaviours, prevent disease, or reduce injuries.  
 
 
116 
CONCLUSIONS 
Recruiting via social media allowed a rapid and cost-effective recruitment of mothers of 
young children to an injury prevention campaign. The social, geographical and economic 
diversity of the recruited participants demonstrates the power of social media recruitment as 
a positive option for studies needing to recruit hard to reach populations or representative 
study samples.  
 
 
CHAPTER 8 CONCLUSION 
Chapter 8 is the second of four chapters relating to the implementation of the RCT to 
evaluate the Cool Runnings intervention (Stage 4 of this research), and specifically relates 
to recruitment of participants into this RCT via social media.  In total, 498 participants were 
recruited to the Cool Runnings app in just 30 days. Recruited participants were similar to 
the target population (mothers who gave birth in Queensland) on most characteristics for 
which data were available for comparison purposes (age group, marital status, country of 
birth, first-time mother). The findings presented in this chapter confirm that social media, 
specifically Facebook and Instagram, provided an ideal channel for rapidly recruiting 
mothers of young children to Cool Runnings in a cost-effective manner. The broad reach 
and representativeness of the sample was also compelling. This method of recruitment 
holds much promise for future studies in injury prevention, and public health more broadly, 
aimed at this target population.   
Chapters 9 and 10 relate specifically to the findings of the RCT in which the Cool Runnings 
intervention was evaluated.  
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CHAPTER 9 FOREWORD 
Chapter 9 is the third of four chapters in this thesis relating to the development, 
implementation and evaluation of the Cool Runnings intervention (Stage 4 of the research). 
The data analysed in this paper are derived from the baseline data of the Randomised 
Controlled Trial (presented in Chapter 10), and represent a cross-sectional study of mothers 
of young children in Queensland.  
The specific purpose of this chapter is to investigate the level of knowledge regarding burn 
risks and burn first aid in mothers of very young children in Queensland, Australia, and to 
determine whether there are any significant predictive characteristics of poor burn 
knowledge. This is one of very few studies to specifically investigate knowledge (and 
ultimately prevention) of hot beverage scalds.  
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ABSTRACT 
Aim 
The high incidence of hot beverage scalds among young children has not changed in the 
past 15 years, but preventative campaigns have been scarce. A novel approach was used 
to engage mothers of young children in an app-based hot beverage scald prevention 
campaign; Cool Runnings. This paper provides baseline data for this randomised controlled 
trial.  
Method 
Queensland-based mothers aged 18+ with at least one child aged between 5-12 months 
were recruited via social media to Cool Runnings—a two-group, parallel, single-blinded 
RCT. 
Results 
In total, 498 participants from across Queensland completed the baseline questionnaire. 
The most common source of burn first-aid information was the internet (79%). One-third 
(33%) correctly identified hot beverage scalds as the leading cause of childhood burns, 43% 
knew the age group most at risk. While 94% reported they would cool a burn with water, 
only 10% reported the recommended 20-minutes duration. After adjusting for all relevant 
variables, there were two independent predictors of adequate burn first-aid knowledge: first-
aid training in the past year (OR=3.32; 95%CI=1.8-6.1), and being a non-smoker (OR=5.98; 
95%CI=1.4-25.2).  
Conclusion 
In this study, mothers of young children were largely unaware how frequently hot beverage 
scalds occur and the age-group most susceptible to them. Inadequate burn first-aid 
knowledge is prevalent across mothers of young children; there is an urgent and compelling 
need to improve burn first-aid knowledge in this group.  Given the high incidence of hot 
beverages scalds in children aged between 6-24 months it is important to target future burn 
prevention/first-aid campaigns at parents of young children. 
Keywords: injury prevention; paediatric burns; child; scalds; hot beverages; first aid 
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BACKGROUND  
Hot beverage scalds, like most injuries, are preventable. Yet these specific injuries have 
been largely overlooked in injury prevention campaigns; often forming part of broader scald 
prevention campaigns that tend to focus on hot tap water/bathroom scalds. [1,2]  
In Australia, hot beverage scalds account for 18% of all burns to children—a figure that has 
remained constant for the past decade. [3] Another constant is the poor knowledge of 
optimal burn first aid in the general public. [4,5] The literature shows that many burn victims, 
particularly children, receive incorrect or inadequate first aid treatment at the scene—with 
some receiving no treatment at all. [6–8] The continued high incidence of hot beverage 
scalds and low use of correct burn first aid use lead to unnecessary physical suffering, and 
for severe scalds, an economic burden to both the family and healthcare system.  
The aetiology of hot beverage scalds is well documented; with injuries peaking in children 
aged between 6-24 months, the majority occurring in the child’s home, and the most 
common mechanism being the child pulling a cup of hot liquid down over themselves. 
[3,9,10] 
The aim of this paper is to: (1) assess the current level of knowledge about burn risks and 
burn first aid in mothers of young children in Queensland, Australia; and, (2) to determine 
factors that predict adequate vs inadequate burn first aid knowledge in this population.  
METHODS  
Participants in this study are mothers of young children (between 5-12 months) residing in 
Queensland, Australia, who enrolled in the Cool Runnings randomised controlled trial 
(RCT). Cool Runnings is a six-month smartphone application-based hot beverage scald 
prevention intervention that was developed to improve knowledge about burn risks and burn 
first aid in mothers of young children [11], given that they are the age-group at most risk of 
hot beverage scalds. The data presented here are the baseline data from the RCT, but 
represent a cross-sectional sample of mothers of young children in Queensland. Detailed 
methods for this RCT have been previously published in a protocol paper. [11] To be eligible 
for the study, participants were required to be: female, aged 18+, resident in Queensland, 
Australia, with at least one child aged between 5-12 months at enrolment, and own a 
smartphone. Participants were recruited via social media, specifically Facebook and 
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Instagram. Participants who met the inclusion criteria were invited to download the Cool 
Runnings smartphone application (app). Data were collected via the Cool Runnings app.  
Data collection 
Participants completed a 19-item questionnaire that took five to eight minutes to complete. 
Items included demographic factors (such as education level, age of youngest child, number 
of children, relationship status, and smoking status), and their residential postcode. 
Postcodes were recoded using Accessibility/Remoteness Index of Australia (ARIA) [12,13], 
and Socio-Economic Index for Areas (SEIFA) as measures social disadvantage. [14] ARIA 
was developed by the National Centre for the Social Applications of Geographic Information 
Systems into the following categories: major cities; inner/outer regional; remote/very remote. 
[12] SEIFA is based on aggregate area-level socioeconomic status indicators and was 
categorised into quintiles (1 = most disadvantaged, 5 = least disadvantaged).  
Knowledge related to hot beverage scald risk awareness and burn first aid knowledge was 
assessed by four questions (see Table 14). Two multiple-choice questions were developed 
to assess hot beverage scald risk awareness: a) the main cause of burns/scalds in children 
aged 0-15 years; and, b) the main age-group at risk of these burns/scalds. Two questions 
(informed by previous studies [4,5,15]) assessed burn first aid knowledge; one was open-
ended and the other was multiple choice. Optimal burn first aid knowledge was defined as 
cool running water for 20 minutes, based on evidence of benefit. [16–18] From these four 
questions, an overall burn knowledge score out of 4 was computed. Details for scoring are 
shown in Table 14. For analyses, the burns first aid score was also categorised into a binary 
variable: adequate (response of “cool running water for 20 minutes” to the open-ended 
question) versus inadequate (any other response).  
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Table 14: Primary outcome questions at baseline.  
Source: Burgess et al. Trials (2016) 17:388 
Primary outcome questions Answer options Score 
Hot beverage scald risk  
What do you think is the main cause of burns / 
scalds in children aged 0-15 years in Australia? 
 
• Bath / taps 
• Heaters 
• Hot drinks 
• Camp fires 
• Kettle/stovetops 
• Hair straighteners 
• Oven doors 
• BBQs 
Correct = 1 
Incorrect = 0 
What age group do you think is most at risk of 
receiving this type of burn /scald injury? 
• Under 2 years 
• 2- 5 years 
• 6-10 years 
• 11-15 years 
Correct = 1 
Incorrect = 0 
Burn first aid treatment  
What is the recommended first aid treatment for 
a burn or scald? 
Open-response  Cool running water for 20 
minutes = 2 
Cool running water (no or 
incorrect duration) = 1  
Other = 0 
When someone has a burn it is recommended 
that you should apply cold running water. Do 
you know for how long you should apply cold 
running water? 
NB: This question was hidden until after the 
previous question was answered 
• 1-5 minutes 
• 6-10 minutes 
• 11-15 minutes 
• 16-19 minutes 
• 20 minutes or 
more 
If score 1 on open-ended 
question above, and got 
this correct = 0.5 
 
Note: Correct response option is italicised  
 
Data analysis 
Data were analysed using IBM SPSS v.24. [19] Independent samples t-tests (numerical 
variables) and chi-square tests (categorical variables) were used to determine whether there 
were any differences between participants with adequate versus inadequate burns first aid 
knowledge. Logistic regression was conducted to determine whether there were any 
significant independent predictors of adequate burn first aid knowledge. Variables 
significantly associated with adequate first aid knowledge in univariate analyses were 
included in a logistic regression model. Any variables no longer significant were removed 
from the model, one at a time, and the impact on the remaining variables assessed. If no 
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changes to the odds ratios of the other variables beyond 10% were observed, then the 
variable was removed.  
Ethics approval 
This study was approved by the University of Queensland Institutional Human Research 
Ethics Committee (approval number: 2015001652) 
RESULTS  
In total, 498 participants from Queensland, Australia, completed the baseline questionnaire.  
Demographic features 
Sample characteristics are shown in Table 15. Almost half (48%) of participants resided in 
major cities, 42% peri-urban (inner and outer regional areas), and 10% were from 
remote/very remote areas. Half (53%) of participants were aged <29yrs, 43% were first-time 
mothers, 55% were married, and 20% were current smokers. Education levels varied: 
approximately equal proportions had completed high school (26%), an advanced 
diploma/TAFE certificate (26%), or university/college degree (23%). The majority (84%) of 
participants were born in Australia; of those born outside Australia the most common 
countries of birth were New Zealand (4.6%) and the United Kingdom (4.6%). Forty-two 
percent of participants reported their youngest child regularly spent time each week in the 
care of another person; the majority of carers were partners (23%), followed by childcare 
centres (19%), grandparents (16%), relative/family member (5%) and older sibling (2%).  
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Table 15: Sample characteristics, by adequate vs inadequate burns first aid knowledge. 
Sample characteristics Adequate†¶ Inadequate†¶  Total ¶ 
Age  
18-24 
25-29 
30-34 
35-39 
40+ 
 
10 (20%) 
18 (36%) 
14 (28%) 
7 (14%) 
1 (2%) 
 
78 (18%) 
156 (35%) 
145 (33%) 
54 (12%) 
9 (2%) 
  
89 (18%) 
176 (35%) 
161 (32%) 
62 (12%) 
10 (2%) 
Education  
<Year 12 
Year 12 completion 
Advanced diploma/TAFE certificate 
University degree 
Postgraduate  
 
4 (8%) 
12 (24%) 
13 (26%) 
13 (26%) 
8 (16%) 
 
82 (19%) 
117 (27%) 
112 (25%) 
99 (22%) 
32 (7%) 
  
86 (17%) 
131 (26%) 
127 (26%) 
112 (23%) 
42 (8%) 
Marital status 
Married 
Defacto 
Single 
Divorced/separated 
Other 
 
34 (68%) 
13 (26%) 
2 (4%) 
1 (2%) 
0 
 
237 (54%) 
127 (29%) 
64 (15%) 
12 (3%) 
2 (.5%) 
  
274 (55%) 
142 (29%) 
67 (14%) 
13 (3%) 
2 (.4%) 
Smoking status 
Smoker 
Non-smoker 
 
2 (4%) 
48 (96%) 
 
95 (22%) 
347(78%) 
 
** 
 
97 (20%) 
395 (80%) 
Country of birth 
Australia 
New Zealand 
United Kingdom 
Other 
 
45 (90%) 
1 (2%) 
1 (2%) 
3 (6%) 
 
368 (84%) 
22 (5%) 
22 (5%) 
24 (6%) 
  
419 (84%) 
23 (5%) 
23 (5%) 
27 (7%) 
SEIFA ‡ 
1 (most disadvantaged) 
2 
3 
4 
5 (least disadvantaged) 
 
9 (18%) 
13 (26%) 
9 (18%) 
12 (24%) 
7 (14%) 
 
52 (12%) 
71 (16%) 
101 (23%) 
166 (38%) 
49 (11%) 
  
62 (13%) 
83 (17%) 
110 (22%) 
178 (36%) 
57(12%) 
ARIA §  
Urban (Major cities) 
Peri-urban (Inner/Outer Regional) 
Remote/Very Remote 
 
22 (44%) 
26 (52%) 
2 (4%) 
 
212 (48%) 
179 (41%) 
48 (11%) 
  
238 (48% 
205 (42%) 
49 (10%) 
Age of youngest child  
5-6 months 
7-8 months 
9-10 months 
11-12 months 
 
14 (28%) 
6 (12%) 
4 (8%) 
26 (52%) 
 
119 (27%) 
61 (14%) 
64 (14%) 
 198 (45%) 
  
134 (27%) 
67 (13%) 
70 (14%) 
227 (46%) 
First-time mothers  24 (48%) 188 (43%)  216 (43%) 
Child under regular care of another person 
Yes 
No 
 
29 (58%) 
21 (42%) 
 
177 (40%) 
265 (60%) 
 
* 
 
210 (42%) 
286 (58%) 
First aid training in past 12 months 
Yes 
No 
 
23 (46%) 
27 (54%) 
 
86 (19%) 
356 (81%) 
 
*** 
 
112 (22%) 
386 (77%) 
Previous experience with burn 
Yes 
No 
 
26 (52%) 
24 (48%) 
 
210 (47%) 
232 (53%) 
  
238 (48%) 
260 (52%) 
Source of information regarding burns first aid ¥ 
Internet 
Family/Friends 
Books 
Other 
 
40 (80%) 
0 
5 (10%) 
5 (10%) 
 
348 (79%) 
44 (10%) 
30 (7%)   
20 (4%) 
 
 
 
388 (79%) 
44 (9%) 
35 (7%) 
25 (5%) 
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†Missing first aid data from 6 participants excluded 
*p<0.05, **p <0.01, *** p<0.001 ‡ Socio-Economic Indexes for Areas (SEIFA) disadvantage decile data reduced to 5 categories 
§ Accessibility/Remoteness Index in Australia (ARIA) data reduced to 3 categories 
¶ Column percent (%) shown 
¥ Note: because there are no values in the “family/friends” category of this variable, no statistical test 
is valid. 
 
Overall burn knowledge 
Participants’ knowledge regarding burns is shown in Table 16. The mean overall burn 
knowledge score was 1.98 (±SD=0 .89).  One third (33%) of participants responded correctly 
regarding the leading cause of burns and scalds (hot drinks); 34% incorrectly selected 
baths/taps. Forty-four percent (44%) of participants correctly selected 0-2 year olds as the 
age group most at risk of burns and scalds; 54% incorrectly selected 2-5 year olds.  
Burn first aid knowledge 
The most common source of burn first aid information was the Internet (79%), followed by 
friends/family (9%), then first aid books (7%).  Twenty-three percent of participants had 
undertaken first aid training in the past 12 months. 
Table 16: Overall knowledge of burn first aid and burn risk factors. 
Overall burn knowledge (mean (SD)) 1.98 (±SD 0.891) 
Burn first aid knowledge (n (%)) 
• Cool running water 20 mins – unprompted 
• Cool running water 20 mins – prompted 
• Cool running water – incorrect duration 
• Other treatment or unsure 
 
50 (10.2%) 
164 (33.3%) 
250 (50.8%) 
28 (5.7%) 
Optimal first aid (n (%)) 
• Adequate (cool running water for 20mins) 
• Inadequate (any other response) 
 
50 (10.2%) 
442 (88.8%) 
Burn risk factors (n (%)) 
• Correct main cause of burns/scalds in children (hot beverage scalds) 
• Correct age-group most at risk (0-2 years) 
 
164 (32.9%) 
218 (43.8%) 
 
Overall, 94% of participants reported they would use cool/cold water to treat a burn.  One in 
10 participants gave the correct duration for applying cool running water unprompted, 9% 
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reported the incorrect duration, and 74% did not specify a time. Of those that did not report 
a time for applying water (n=371), 44% provided the correct duration time when prompted 
with the multiple-choice question.  An additional 28% chose ‘6-10 mins’ (11-15mins: 15%; 
1-5mins: 11%). Of the participants who reported an incorrect duration in the unprompted 
question (n=43), 21% correctly responded to the prompted multiple-choice question (6-
10mins: 44%; 11-15mins: 19%; 1-5mins: 16%). Eight participants (2%) mentioned removing 
clothing/jewellery from the burn area; two participants suggested leaving clothes on.  
Burn first aid knowledge was categorised into adequate (cool running water for 20 mins in 
the unprompted question) vs inadequate (any other response). Almost 90% (88.8%; 
n=442) of the sample demonstrated inadequate burn first aid knowledge. As shown in 
Table 2, knowledge of burn first aid was associated with smoking status (c2=8.68; df=1; 
p=0.003), first aid training the past 12 months (c2=18.35; df=1; p<0.001); and whether the 
child regularly spent time under the care of someone else (c2=5.95; df=1; p=0.015). No other 
variables were associated with burn first aid knowledge (p>.05). 
Of interest is that among those who had completed first aid training in the past 12 months 
(n=109), 79% demonstrated inadequate burn first aid knowledge. All participants who 
reported family/friends as their primary source of first aid information demonstrated 
inadequate burn first aid knowledge.  There was no association between previous personal 
burn/scald experience (of self or child) and adequate burn first aid knowledge (52% 
adequate vs 47.5% inadequate). 
After adjusting for all relevant variables in the final logistic regression model, there were only 
two independent predictors of adequate burn first aid knowledge.  Mothers with adequate 
burn first aid knowledge were 3.32 times more likely to have had first aid training in the past 
12 months (95%CI=1.8-6.1), and 5.98 times more likely to be non-smokers (95%CI=1.4-
25.2) than mothers with inadequate burn first aid knowledge.  
Burn first aid knowledge and burn risk factors  
The association between burn first aid knowledge and burn risk factors was also assessed. 
Half of the participants who demonstrated adequate burn first aid knowledge correctly 
identified hot beverage scalds as the main cause of burns/scalds in children, compared with 
31.4% of those with inadequate burn first aid knowledge (c2=5.95; df=1; p=0.008). There 
was no association between the age group most at risk and adequate burn first aid 
knowledge (p>.05).  
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DISCUSSION  
This study demonstrates mothers of young children are largely unaware of how frequently 
hot beverage scalds occur and the age-group most susceptible to them. It also demonstrates 
an overall gap in knowledge about optimal burn first aid treatment.  
Burn risk 
Most injuries to children under four years of age occur in the child’s home [20], yet a recent 
study found that 77% of parents consider their homes to be safer than most. [21] The 
majority of hot beverage scalds occur in the child’s home, predominantly in the kitchen, and 
are often witnessed by an adult. [3,9] Lack of supervision is often noted in the literature as 
a contributing factor to preventable injuries in children. [22,23] However, a previous study 
by the authors found the majority of hot beverage scalds to children under 36 months 
occurred when the parent/caregiver was within arms-reach of the child. [24]  
In the current study, two-thirds of participants did not know that hot beverage scalds are the 
main cause of burns to children, and less than half recognised that children under two-years 
are most at risk. The data reported in this study indicate that messages regarding hot 
beverage scalds as the leading cause of burns to children, and the main age group at risk 
have not been translated to the relevant target group (mothers of young children); potentially 
making parents and caregivers of young children less vigilant in keeping hot drinks out of 
reach around infants and toddlers.  
Burn first aid 
Preventing hot beverage scalds is one part of the equation; with secondary prevention 
through optimal burn first aid, the other.  There is strong evidence to show that adequate 
burn first aid treatment (cool running water for 20 minutes), applied within three hours of the 
burn occurring, has a significant impact on wound healing by reducing burn depth, providing 
pain relief, faster re-epithelialisation, improved scar management, shorter hospital stays and 
fewer surgical interventions. [16–18,25] 
The low knowledge of optimal burn first aid reported by mothers of young children in this 
study is consistent with many other studies that show the general public is largely unaware 
how to treat a burn. [4,5,8,26] Unprompted, 94% of participants in this study reported using 
water to treat a burn, but only 10% of participants knew to apply it for 20 minutes. When 
prompted, this increased to 44%. These results are similar to other studies. [5,25] The 
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general public appears to be unaware of the evidence around applying cool running water 
for 20 minutes.  This is not surprising given the primary source of first aid information for 
many parents is the Internet. Two studies have examined the quality of burn first aid 
information online, and both concur that the information is overwhelmingly inaccurate, 
inadequate and inconsistent. [27,28] The inconsistencies are also apparent among global 
burn advisory agencies [29], which can add to confusion when searching online. It is 
important that parents and caregivers of young children are aware of correct burn first aid 
given that most of these injuries occur in the home. For mothers of very young children who 
are most at risk of hot beverage scalds, education about this simple method of treating a 
burn should it occur, can be empowering.  
The Health Belief Model [30] suggests that for a behaviour change to succeed, 
individuals must have the incentive to change, must feel threatened by their current 
behaviour, and must feel that a change will be beneficial. [31] In terms of preventative 
efforts by mothers with regard to any burn, prevention strategies must increase their 
beliefs about their child’s risk of a burn injury while simultaneously increasing their 
competency to intervene, or act quickly and appropriately should a burn occur. [32]  
Raising mothers’ awareness of the frequency and severity of hot beverage scalds, and their 
peak occurrence in children under two years, will better prepare them to take preventative 
measures to keep their child safe.  
After adjusting for all relevant variables, the only two independent predictors of adequate 
burn first aid knowledge were first aid training in the past 12 months, and smoking behaviour. 
In other words, there were no associations between any of the demographic variables such 
as age of mother, age of child, number of other children, socioeconomic status, education, 
relationship status, and adequate burn first aid knowledge. This highlights that inadequate 
burn first aid knowledge is prevalent across this target group (mothers of young children), 
and that there is an urgent and compelling need to improve knowledge of burn first aid in 
this group.   
Also of interest was the finding that previous personal burn/scald experience (of self or child) 
did not improve burn first aid knowledge. This may indicate an opportunity for intervention 
to increase knowledge of caregivers of children who experience a burn, in order to prevent 
future burns. However, the question did not allow for assessment of the severity of the 
previous burn.  It may be that caregivers of children who sustain a burn, that is serious 
enough to seek medical attention, have already received such education.  
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Also of considerable concern is that, while first aid training in the previous 12 months was 
associated with adequate burn first aid knowledge, a substantial proportion (79%) of 
mothers who had participated in recent first aid training demonstrated inadequate burn first 
aid knowledge. Further research is required to explore this.  
Limitations 
The findings of this study should be interpreted in the context of several limitations. Firstly, 
participants were recruited via social media. Hence, there is potential for selection bias, and 
it is possible that the findings cannot be generalised beyond the study population to the 
target group (mothers of young children in Queensland). However, mothers with young 
children are the most active on social media [33], and participants were representative of 
the target population (women who gave birth in Queensland in 2015) with regard to age, 
marital status, being a first-time mother and country of birth. [34] However, participants living 
in remote and very/remote areas were over represented (10% vs 3.3% total). [35] People 
who could not understand English are less likely to have participated in this study. The risks 
are higher for these people [6,7], so in this respect, our findings may be conservative. 
Secondly, information was collected via the app on the smartphone, hence there is potential 
for measurement bias (e.g., self-report and/or recall bias). While the questions were mostly 
demographic, with low potential for measurement bias, there is evidence of underestimation 
of smoking by self-report [36]; therefore, additional undeclared smokers may have been 
included. 
CONCLUSION 
Mothers of young children appear largely unaware of the frequency with which hot drink 
scalds occur in children under two years old, and overall, demonstrate inadequate 
knowledge of burns first aid. Increasing their knowledge and awareness about the risks 
associated with these injuries is crucial so they can take preventative actions. Interventions 
aimed at preventing these scalds should also include a burn first aid component. After 
adjusting for all relevant variables, the only two independent predictors of adequate burn 
first aid knowledge were first aid training in the past 12 months, and smoking behaviour. 
This highlights that inadequate burn first aid knowledge is prevalent across this target group 
(mothers of young children), and that there is an urgent and compelling need to improve 
knowledge of burns first aid in this group generally.  As demonstrated in this and many other 
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studies, knowledge of correct burn first aid is lacking. Equipping mothers, parents and 
caregivers of young children with this information will lead to improved injury outcomes 
should a burn/scald injury occur.  
 
CHAPTER 9 CONCLUSION 
This is the third of four chapters in this thesis relating to the design, implementation and 
evaluation of the Cool Runnings intervention. The data presented in this chapter were 
derived from 498 mothers of young children who enrolled in and completed the 19-item 
baseline questionnaire for the Cool Runnings RCT. The findings presented in this chapter 
indicate that these mothers of young children demonstrated poor knowledge regarding hot 
beverage scalds risks and burn first aid.  These mothers all had at least one child in the age 
group most at risk for HBS, but were largely unaware of the frequency with which this injury 
occurs in very young children. Importantly for this research, while 94% of participants 
reported they would cool a burn with water, only 10% reported the recommended 20-minutes 
duration. After adjusting for all relevant variables, there were only two independent 
predictors of adequate burn first-aid knowledge. First-aid training in the past year, and being 
a non-smoker, were positively associated with burn first aid knowledge. However, many 
(79%) mothers who had participated in recent first aid training demonstrated inadequate 
burn first aid knowledge.  
Of particular relevance to this research is that none of the demographic variables (age of 
mother, age of child, number of other children, socioeconomic status, education, relationship 
status) were associated with adequate burn first aid knowledge. This highlights that 
inadequate burn first aid knowledge is prevalent across this target group (mothers of young 
children), and that there is an urgent and compelling need to improve burn first aid in this 
group.   
Overall, this paper highlights the need for an effective HBS prevention intervention. Chapter 
10 is the final of four chapters relating to the Cool Runnings intervention, and presents the 
results of the Cool Runnings RCT.  
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CHAPTER 10: COMBINING TECHNOLOGY AND RESEARCH TO 
PREVENT SCALD INJURIES: RESULTS FROM COOL RUNNINGS 
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This chapter is presented as submitted for publication in PLOS ONE. It is currently under 
review.  
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CHAPTER 10 FOREWORD 
This chapter is the fourth and final chapter relating to the development, implementation and 
evaluation of the Cool Runnings intervention (Stage 4 of this research). The sequential 
stages of this research were developed to inform an intervention aimed at HBS prevention. 
This intervention was the innovative, smartphone based app called Cool Runnings.  In this 
chapter, the evaluation of Cool Runnings is described. A two-group, parallel, randomised 
control trial was conducted to determine whether the Cool Runnings intervention improved 
knowledge about burn risks and burn first aid, and to gauge the utility of gamification in an 
injury prevention campaign.  This chapter presents the results of the Cool Runnings RCT.  
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ABSTRACT 
Background 
New technologies, widespread availability of the Internet, the rise of social media and 
increased ownership of smartphones provide new opportunities for health researchers to 
communicate and engage with target audiences.  
This new technology was used to recruit mothers of young children to a smartphone 
application (app) to increase their knowledge about childhood burns (specifically hot 
beverage scalds) and optimal burn first-aid. Childhood burns are a significant paediatric 
public health issue due to the high physical, psychological and financial burden, and hot 
beverage scalds are the leading cause of childhood burns. This six-month intervention 
deployed on the Cool Runnings app, used gamification techniques to reinforce intervention 
messages and engage participants.  
Method 
A two-group, parallel, single blinded, randomized controlled trial (RCT) to evaluate the 
efficacy of a smartphone app-based burn prevention intervention. Participants were women 
aged 18+, living in Queensland, Australia, with at least one child aged between 5-12 months 
at the time of enrolment. The primary outcome measure was change in knowledge about 
burn risk and correct burn first-aid, assessed via two methods: overall score; and 
categorised as adequate (score =4) vs inadequate (score less than 4). The secondary 
outcome measure was the efficacy of gamification techniques (measured by: app opens, 
photo uploads, pop quiz completions and content views).  
Results 
In total, 498 participants were recruited via social media and enrolled in the Cool Runnings 
RCT.  At six-month follow-up, 244 participants completed the post-test questionnaire. The 
trial experienced 51% attrition overall. Attrition rates in both groups were similar. Participants 
who remained in the study did not differ from those who were lost to follow up on any 
characteristics except for education level. Although similar at baseline, intervention group 
participants achieved significantly greater improvement in overall knowledge post-test than 
the control group, participants on both primary outcome measures (overall knowledge 
intervention: mean=2.68± 1.00 vs control mean:2.13±1.03; intervention: 20.47% adequate 
vs control: 7.3%). Consequently, the Number Needed to Treat (NNT) was 7.46. Logistic 
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regression showed participants exposed to the highest level of disadvantage had 7.3 times 
higher odds of improved overall knowledge scores than participants in other levels of 
disadvantage. There were also significant correlations between gamification techniques and 
knowledge change (P<.001). In addition, odds of knowledge improvement between baseline 
and 6-month follow-up was higher in participants with low-moderate app activity compared 
with no app activity (odds ratio [OR] 8.59, 95% CI 2.9-25.02) and much higher in participants 
with high app activity (OR 18.26, 95% CI 7.1-46.8).  
 
Conclusions  
This RCT demonstrates the Cool Runnings app was an effective intervention for improving 
knowledge about hot beverage scald risks and burn first-aid in mothers of young children. 
The benefits of combining gamification elements in the intervention were also highlighted. 
Given the low cost and large reach of smartphone apps to deliver content to, and engage 
with targeted populations, results from this RCT provides important information on how 
smartphone applications can be used for widespread injury prevention campaigns, and 
public health campaigns generally.  
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BACKGROUND 
Advances in technology, expansion of Internet access and increased smartphone ownership 
globally, have led to a new channel for disseminating health information and engaging with 
large and/or specific populations. With the popularity of smartphones has come the 
proliferation of smartphone applications (apps); 6 million in the two leading app stores 
(Google Play: 2.8m, Apple app store: 3.2 m). [1] Of these, 259,000 are health-related apps. 
[2] Increasingly, apps are being used by health agencies and researchers to gather and 
present information to study participants and the general public. There is a growing body of 
evidence showing the successful use of smartphone apps to encourage healthy habits such 
as increasing physical activity [3] and promoting weight loss [4], managing chronic disease 
[5,6], and delivering mental health programs. [7] One area that has not yet been studied is 
the use of this technology in injury prevention. 
Childhood burns are a serious injury that can result in substantial pain and suffering, and 
lead to life-long scarring and surgical procedures as the child grows. The physical, emotional 
and financial burden to the child and family can be significant. [8,9] The leading cause of 
childhood burns in developed countries is hot drink scalds. [10–13] In Australia, hot drink 
scalds account for 18% of all childhood burns. [14,15] This injury peaks in children aged 
between 6-18 months, usually occurs in the child’s home and is witnessed by the parent or 
supervising adult. [13–17] Given these facts, an app-based prevention intervention was 
developed to target mothers with children aged between 5-12 months about hot drink scalds 
risks, as well as the correct burn first aid treatment to apply should a burn occur. 
Based on the Health Belief Model [18], the aim of the Cool Runnings randomised controlled 
trial (RCT) was to increase primary carer knowledge about the severity and frequency of hot 
drink scalds, provide them with developmental-stage messages on how to protect their child 
and intervene, and finally, the correct burn first aid treatment to apply should a burn occur.  
METHODS 
Study design 
This study was a two-group, parallel, single-blinded randomized controlled trial (RCT) of an 
app-based burn prevention/first aid education intervention. This study was registered with 
the Australian and New Zealand Clinical Trials Registry (ACTRN12616000019404). The full 
study protocol has been published previously. [19] 
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Study setting 
Participants from Queensland, Australia were recruited. Eligibility criteria were: females 
aged 18+, who resided in Queensland, Australia, and had at least one child aged between 
5-12 months at enrolment. Ownership of a smartphone was required for intervention 
delivery.  Study duration was 6 months. 
Recruitment 
Participants were recruited via online social media advertisements, specifically through 
Facebook and Instagram, between January and February 2016. A detailed description of 
the recruitment process for this study has been published previously. [20]  
Randomisation 
Computerised sequence generation was used to randomise participants. Randomisation 
was stratified by maternal age (18-28; 29+ years) based on the mean national maternal age. 
[21]  
Blinding 
Participants were blinded to their allocation group (the term ‘blue group’ and ‘green group’ 
were used). Study investigators assessed the outcome data collected in pre- and post-
questionnaires in a blinded format. However, blinding was not possible for analysing the 
results of gamification techniques as only they only applied to the intervention group.  
Intervention 
Participants in the intervention group were compared with those in the active control group. 
Intervention group: During the six-month intervention participants allocated to the 
intervention group received nine intervention messages related to hot beverage scald risks, 
developmental-stage based burn risks, and burn first aid treatment (Figure 20). These 
messages were provided in a variety of mediums (infographics, 30-second videos and 
motion-graphics) at three-weekly intervals. In-between these messages, participants were 
given opportunities to engage with the app through activities such as answering pop quizzes 
and completing missions (such as photo uploads) that reinforced each of the intervention 
message themes. Gamification techniques were used to keep participants engaged and 
active on the app. Each time participants viewed a message, correctly answered a quiz 
question or uploaded a photo they were rewarded with points. Accrued points were 
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displayed on weekly leader-boards in the app, and once a certain number of points were 
reached they could be redeemed for rewards, such as shopping and movie vouchers.  
Control group: This group accessed a slightly different app interface, and no gamification 
techniques were used with this group. Control participants only received three messages 
during the six-month intervention. These messages were infographics, and there were no 
opportunities for participants to engage with the material.  
 
Figure 20: Content calendar for Cool Runnings intervention.  
Source: Burgess et al. Trials (2016) 17:388 
Intervention group
Week 1
Frequency
30-second motion graphic
Week 4
Burn injuries
Infographic
Week 7
Developmental stage:  pre-mobile infant
Infographic
Week 10
Burn first aid
Infographic
Week 13
Developmental stage: crawling
Infographic
Week 16
Severity
30-second motion graphic
Week 19 
Keeping carers informed
Infographic
Week 22
Burn first aid
30-second video
Week  25
Developmental stage: walking, 
Infographic
Control Group
Week 4
Burn injuries
Infographic
Week 10
Burn & scald safety tips 
Infographic
Week 19
Keeping carers informed
Infographic
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Data collection 
Baseline and six-month follow-up questionnaires were completed by participants in the 
intervention and control groups. The baseline questionnaire included demographic factors 
(such as education level, age of youngest child, number of children, marital status and 
smoking status). Place of residence postcodes were also collected and later recoded using 
Accessibility/Remoteness Index in Australia (ARIA) 2011 data [22], and Socio-Economic 
Indexes for Areas (SEIFA) [23] as measures to broadly assess socioeconomic status. The 
SEIFA data are based on aggregate area-level socioeconomic status disadvantage 
indicators and were categorised into quintiles (1 = most disadvantaged, 5 = least 
disadvantaged). The ARIA is a measure of geographical remoteness, categorized as urban, 
peri-urban, and remote. The questionnaires also included the extent of hot beverage scald 
risk awareness (two questions) and burn first aid knowledge (two questions). Full baseline 
data from this study are described elsewhere. [24] 
The six-month follow up questionnaire repeated the questions relating to hot beverage scald 
risks and burn first aid knowledge. The app recorded participants’ engagement with it; the 
number of times it was opened, the content viewed and gamification activities. 
Primary outcome measures 
The primary outcome for this study was change in knowledge, based on a 4-point knowledge 
score measured by three components:  
• knowledge of correct burn first aid  
• knowledge of the main cause of burns/scalds in children aged 0-15 years, and 
• knowledge of the main age-group at risk of these burns/scalds. 
Two questions were used to determine burn first aid knowledge; an open-ended question 
(“What is the recommended first aid treatment for a burn or scald?”) and a multiple-choice 
question regarding the duration for applying cool running water. Correct first aid knowledge 
was defined as cool running water for 20 minutes, based on clinical evidence of benefit. 
[25,26] Participants who responded with “20-minutes cool running water” to the open-ended 
question were allocated two points. Participants whose answer involved cool running water 
but mentioned an incorrect or no time, and who then responded to the multiple-choice 
question on duration correctly, were awarded 1.5 points, and only 1 point was awarded if 
the subsequent multiple-choice question on duration was incorrect. All other responses 
(such as flour, ice), including “don’t know”, were allocated 0 points.  
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Knowledge of the main cause of burns/scalds in children 0-15 years was assessed via a 
multiple-choice question. Anything other than hot drink scalds (1 point) was coded 
incorrect (0 points). Knowledge of main age-group at risk of these burn/scalds was also 
assessed via multiple choice. Anything other than 0-2 years (1 point) was coded incorrect 
(0 points). 
One final overall knowledge score was then computed, which combined the responses to 
the main cause of burns, age group most at risk, and burn first aid knowledge, to yield a 
total possible score of four. The change in participants’ total score on “overall knowledge” 
between baseline and post-intervention was calculated.  
The score was also recoded to a binary variable. Participants who received a score of 4 
were coded as “adequate knowledge”; anyone else was coded “inadequate knowledge”. 
Participants whose responses moved from “inadequate” to “adequate” at six-month follow 
up were categorised as “improved”. All other participants were coded as “no improvement”. 
In addition, burns first aid knowledge was categorised into a binary variable: adequate (cool 
running water for 20 minutes in the open-ended question) vs inadequate (any other 
response). Participants whose responses moved from “inadequate” to “adequate” at six-
month follow up were categorised as “improved”. All other participants were coded as “no 
improvement”.  
Secondary outcome measures 
Secondary outcome measures related to the gamification techniques used and measured 
the frequency of participants’ app opens, content views, pop quiz completions and photo 
sharing activities. 
Data analysis 
All statistical analyses were conducted using SPSS version 24 (IBM Corporation, Armonk, 
NY, USA). Descriptive analyses were completed to determine whether there were any 
between-group differences (intervention vs control) at baseline on demographic 
characteristics, primary and secondary outcome measures. Chi-squared tests were used for 
categorical variables, and independent samples t-tests were used for numerical variables. 
An independent samples t-test was used to assess between-group differences on change 
in overall knowledge score at six-month follow up as a function of the intervention.  A chi-
squared test was performed to determine whether the proportion of participants with 
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improved knowledge differed between intervention and control groups. The event rate of 
adequate knowledge (all four responses correct) was also calculated for the intervention 
and control groups. Subsequently, the NNT was calculated. Logistic regression analyses 
were also conducted to determine whether there were any significant independent 
predictors of knowledge improvement (no improvement vs improvement). Alpha was set at 
0.05 for all tests.    
RESULTS 
Figure 21 illustrates the flow of participants through the trial. A total of 498 participants were 
enrolled in the Cool Runnings study: 262 interventions, 236 controls. After the six-month 
intervention, 121 intervention participants (46%) and 123 control participants (52%) 
completed the post-test questionnaire.  
 
Figure 21: Flowchart of participants through each stage of RCT. 
 
 
141 
Trial retention 
The trial experienced 51% attrition overall. Attrition rates in both groups were similar: 
(intervention: n=141; 54%; control: n=113; 48%). Participants who remained in the study did 
not differ from those who were lost to follow up on any baseline characteristics except for 
education level. A higher proportion of participants who remained in the study had a 
university degree (28.7%; n=70) than those who were lost to follow-up (16.5%; n=42) 
(χ2=15.828; df=4; p=0.003). Mean overall knowledge was higher at baseline in participants 
(X=2.06 ±0.87) than in those who were lost to follow up (X=1.93 ±0.87), but this difference 
was not significant (t=1.72; df=490; p>0.05). Within-group analyses were also conducted to 
see whether there were differences in participants who completed the study and those who 
were lost to follow up. There was no difference between participants and those lost to follow 
up in relation to the proportion with adequate overall knowledge (score of 4) vs inadequate 
(score<4) (p>0.05) in the intervention group, or in the control group. However, among those 
participants allocated to the intervention group, overall knowledge at baseline was 
significantly higher in those who remained in the study (X=2.12±0.84) than in those who did 
not complete the study (X=1.84±0.87; t=2.64; df=258; p<0.01).  
The remainder of the analyses were completed by “compliance only”.  
Primary outcome measures 
At baseline, there were no differences on any demographic or other sample characteristics 
between the intervention and control groups (p>0.05) (Table 17). Importantly, there were no 
differences in the mean total knowledge score, the proportion of participants who 
demonstrated adequate overall knowledge, or on any of the dimensions comprising the 
score (burn risk knowledge, burn first aid knowledge) (p>0.05) (Table 18).   
 
  
 
 
142 
Table 17: Demographic characteristics and knowledge of scald risks and first aid in intervention and 
control groups at baseline. 
Characteristics Intervention n (%) Control n (%) 
Age of participant 
18-24 
25-29 
30-34 
35+ 
19 (15.7%) 
34 (28.1%) 
46 (38.0) 
22 (18.2) 
20 (16.3%) 
43 (35.0%) 
44 (35.8) 
16 (13.0) 
Marital status 
Single 
Married 
Defacto 
Separated/divorced 
 
15 (12.4%) 
76 (62.8%) 
28 (23.1%) 
2 (1.7%) 
 
9 (7.3%) 
70 (56.9%) 
40 (32.5%) 
4 (3.3%) 
Highest education level 
Less than Year 12 
Year 12 completion 
TAFE certificate/advanced diploma 
University degree 
Post graduate degree 
13 (10.7%) 
27 (22.3%) 
34 (28.1%) 
37 (30.6%) 
10 (8.3%) 
22 (17.9%) 
25 (20.3%) 
33 (26.8%) 
33 (26.8%) 
10 (8.1%) 
Current smoker  
Smoker 
Non-smoker 
 
23 (19%) 
98 (81%) 
 
21 (17.1%) 
102 (82.9%) 
Country of birth 
Australia 
Other 
104 (86%) 
17 (14%) 
101 (82.1%) 
22 (17.9%) 
SEIFA ‡ 
1 (most disadvantaged) 
2 
3 
4 
5 (least disadvantaged) 
10 (8.3%) 
20 (16.5%) 
32 (26.4%) 
46 (38%) 
13 (10.7%) 
10 (8.2%) 
16 (13.1%) 
30 (24.6%) 
51 (41.8%) 
15 (12.3%) 
ARIA §  
Urban (major cities) 
Peri-urban (inner/outer regional) 
Remote/very remote 
62 (51.2%) 
44 (36.4%) 
15 (12.4%) 
62 (50.8%) 
49 (40.2%) 
11 (9%) 
First-time mothers 48 (39.7%) 54 (43.9%) 
Number of children in household 
1 child 
more than 1 child 
53 (43.8%) 
68 (56.2%) 
63 (51.2%) 
60 (48.8%) 
Primary caregiver 120 (99.2%) 122 (99.2%) 
Previous experience with a burn  
Yes 
No 
61 (50.4%) 
60 (49.6%) 
57 (46.3%) 
66 (53.7%) 
First aid training in past 12-months – yes 27 (22.3%) 20 (16.3%) 
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Characteristics Intervention n (%) Control n (%) 
Primary source of burn first aid information  
Internet 
Family/Friends 
Books 
Other 
 
92 (76%) 
14 (11.6%) 
9 (7.4%) 
6 (5%) 
 
98 (79.7%) 
8 (6.5%) 
9 (7.3%) 
8 (6.5%) ‡ SEIFA (Socioeconomic Index For Areas) was used to estimate socioeconomic status in this study. Specifically, the 
Index of Relative Socioeconomic Advantage and Disadvantage. Higher deciles reflect higher relative advantage, lower 
deciles reflect lower relative advantage. Deciles were reduced to 5 categories 
§ Location of usual residence was categorised using ARIA (Accessibility/Remoteness Index of Australia), developed by 
National Centre for the Social Applications of Geographic Information Systems (GISCA). Each geographical area was 
allocated a score between 0 and 15, based on the (road) distance to nearby towns that provide services. Scores were 
then allocated to the following categories (OESR Queensland, 2011): Urban (major city: 0.0–0.2); Peri-Urban (inner 
regional: 0.2–2.4; outer regional: 2.4–5.92); and remote (remote: 5.92–10.53; very remote: 10.53+).  
 
Changes in participants’ overall knowledge between baseline and six-month follow up are 
shown in Table 18 and Figure 22. Although similar at baseline, intervention group 
participants achieved significantly greater improvement in overall knowledge post-test than 
control group participants (t=3.37; df=240; p<0.001) (Figure 22). “Event rate” of improved 
overall knowledge (change from inadequate at baseline to adequate at six-months follow 
up) was significantly higher in the intervention group (20.7%; n=25) than in the control group 
(7.3%; n=9) (χ2=9.06; df=1; p<0.01). Consequently, the NNT was 7.46. That is, 8 people 
need to be exposed to this intervention in order to improve inadequate overall knowledge to 
adequate knowledge (i.e., score of less than 4 to a score of 4).   
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Table 18: Change in overall knowledge and burn first aid at six-month follow up. 
  
Intervention 
 
Control 
 Pre-test Post-test Pre-test  Post-test 
Overall knowledge – mean  2.11 
(SD ±.860) 
2.68 
(SD± 1.00) 
2.04  
(SD± .915)  
2.13 
(SD±1.03) 
Overall knowledge  
Adequate 
 
2.5% (3) 
 
22.3% (27) 
 
4.1% (5) 
 
9.8% (12) 
Main cause of burns/scalds – correct 33.1% (40) 59.5%  35.8% (44) 46.3% 
Age group most at risk of 
burns/scalds – correct 
52.9% (64) 59.5% 45.5% (56) 39% 
Burn first aid knowledge 
Adequate (cool running water for 20 
minutes, unprompted) 
Inadequate (all other responses) 
 
 
9.9% (12) 
90.1% (109) 
 
 
39.7% 
 
 
12.4% (15) 
87.6% (106) 
 
 
26% 
 
 
 
Figure 22: Change in mean overall knowledge score between baseline and six-month follow up in 
intervention and control groups (Error bars: 95% CI). 
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Demographic predictors of overall burn knowledge 
Logistic regression was conducted in order to determine if demographic characteristics (age 
of respondent, first-time mothers, status as primary caregiver, country of birth, marital status, 
smoking status, age of youngest child, number of children, ARIA category, SEIFA quintile, 
level of education and time child spends under care of others) were related to improvement 
in overall knowledge (from inadequate to adequate) between baseline and follow up. Other 
than being allocated to the intervention (OR= 3.3; 95%CI:1.4-7.7), socioeconomic status as 
measured through SEIFA was the only variable associated with improved scores. 
Specifically, odds of improving overall knowledge scores were higher in participants whose 
postcode indicated they were exposed to the highest level of disadvantage (OR 7.30, 95% 
CI 1.2-42.9) compared with participants exposed to the lowest levels of disadvantage (ie, 
highest advantage).  
 
Secondary outcome measures 
Secondary outcome measures included gamification and app use activity (app views, 
content views, pop quiz completions and photo sharing). Participants in the intervention 
group earned points each time they viewed content, correctly answered pop quiz questions, 
and uploaded photos. Winners of the weekly photo mission won additional bonus points. In 
total, 58 participants accrued sufficient points to redeem their points for movie or 
supermarket vouchers; however, only three participants took advantage of this. The leader-
board (only available to the intervention group) showing participants’ points was viewed 535 
times.  
The mean number of app opens for the intervention group was 18.31 (SD: 42.1; min: 1; max: 
347), and 5.03 (SD:5.28; min: 1; max: 28) for the control group. One participant from the 
intervention group opened the app a total of 347 times; however, the majority of participants 
opened the app 10 times or less in both the intervention group (69%) and control group 
(65%). Mean content views for the intervention group was 1.96 (SD: 2.86) and 0.98 (SD .77) 
for the control group. The mean quiz completions for the intervention group was 2.45 (SD 
4.33). 
The level of app activity was then analysed to determine its relationship with knowledge 
change (no change vs change from inadequate to adequate) via crude logistic regression. 
Each of the four secondary outcome measures were significantly associated with 
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improvement in overall knowledge from inadequate at baseline to adequate at six-month 
follow up (quiz total: OR=1.35; 95%CI=1.2-1.5; content:  OR=1.51; 95%CI=1.3-1.7; app 
opens: OR=1.06; 95%CI=1.03-1.08; photo uploads: OR=1.37; 95%CI:1.2-1.6). However, 
they were also strongly correlated with each other (see Table 19).  For this reason, 
engagement with each of the four elements of the intervention was categorised into none, 
low/moderate, and high. High engagement occurred if the participant engaged with at least 
2/3 of the available engagement opportunities for that element (e.g., there were six 
opportunities to upload photos, so participants were required to upload four photos to be 
coded as high engagement). Final app engagement was measured as follows: 1) no 
engagement on any element other than opening the app; 2) high engagement: high 
engagement on at least one element; and, 3) low/moderate engagement: any other level of 
engagement).  
Crude logistic regression analyses indicated that app engagement was associated with a 
change in knowledge at six-month follow up. Participants who demonstrated low/moderate 
app engagement (OR=8.59; 95%CI=2.9-25.02) or high app engagement (OR=18.26; 
95%CI=7.1-46.8) were significantly more likely to demonstrate change in knowledge from 
inadequate to adequate than participants with no engagement.  When this final measure of 
app engagement was added into the multivariate logistic regression, conducted to determine 
the predictors of change in overall burn knowledge, it was the only significant variable in the 
model—none of the other variables remained significant.  
Table 19: Inter-correlations between app activity predictors for intervention group and control group. 
 
Demographic predictors of app activity 
Chi square analyses were conducted in order to determine demographic predictors of app 
engagement. The same set of demographic predictors (as above) was used. These 
  
Change in 
Knowledge Quiz completion Content view App   opens 
Quiz .48*** 
   
Content .44*** .86*** 
  
App .35*** .72*** .56*** 
 
Photo uploads .40*** .83*** .65*** .76*** 
* p < .05; ** p < .01; *** p < .001    
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analyses indicated that none of the demographic variables in Table 17 were associated with 
app engagement (p>0.05). 
DISCUSSION  
This RCT has demonstrated the Cool Runnings app to be an effective intervention for 
improving knowledge about hot beverage scald risks and burn first aid in mothers of young 
children. To our knowledge, this is the first study to evaluate an app-based delivery of injury 
prevention messages, and the first study to gauge the efficacy of gamification in an injury 
prevention intervention. Given the low cost and large reach of smartphone apps to deliver 
content to, and engage with targeted populations, results from this RCT provides important 
information on how smartphone applications can be used for widespread injury prevention 
campaigns. This study specifically examined the use of this technology in a prevention 
campaign aimed at hot beverage scalds the leading cause of childhood burn injuries. While 
numerous studies have reported the high incidence of this injury, there is a paucity of 
interventions aimed at preventing them.  
The primary outcome measure of this study was change in knowledge, which was divided 
into three components: knowledge of correct burn first aid; knowledge of the main cause of 
burns/scalds in children aged 0-15; and, knowledge of the age group most at risk of these 
burns.  These three dimensions were measured by a total score (out of four); the score was 
also dichotomised (adequate vs inadequate). The overall knowledge score improved 
significantly in the intervention group compared with the control group at six-month follow 
up relative to baseline, as did the proportion of participants with adequate knowledge. The 
NNT for this intervention was 7.42. That is, eight people need to be exposed to this 
intervention in order to improve inadequate overall knowledge to adequate knowledge (i.e., 
score of less than 4 to a score of 4).  The secondary outcome measure of this study was 
gamification, which proved to be a significant predictor of knowledge change in the 
intervention group. In the control group, app opens were also associated with knowledge 
change.  
In addition to being allocated to the intervention group, participants whose place of residence 
postcode indicated they were from an area with the highest level of disadvantage were 
significantly more likely to demonstrate an improvement in knowledge score relative to 
baseline. This is encouraging given the recognised disparities in burn incidence and first aid 
knowledge and use among those who are socioeconomically disadvantaged. [26–29] Some 
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burn prevention campaigns have targeted these specific groups with mixed results. [30,31] 
The growing global ownership of smartphones and the promise of app-based technology 
may change this. In 2016, the average global ownership of smartphones was 81% (77% of 
US adults, 84% Australian adults). [32] Lack of other significant predictors of increased burn 
knowledge may be interpreted as an indication of the success of the intervention across the 
target group. There was a broad sample of participants included in this study—older and 
younger first time mothers, with various levels of education, and from regional, rural and 
remote locations. Participants were representative of the target population (women who 
gave birth in Queensland in 2015) with regard to age, marital status, being a first-time mother 
and country of birth. [33] 
Smartphone ownership goes beyond socioeconomic, racial and ethnic boundaries, with a 
report by the Pew Institute [34] showing that more than half of most sociodemographic 
groups own a smartphone. Smartphones provide the opportunity to engage with people 
wherever they are, and whenever it suits them to see a message. The use of smartphones 
to deliver information in a way that is interactive and engaging, rather than a one-way flow 
of static communication, is also compelling. App-based campaigns can cater to participants’ 
different learning styles—whether visual, auditory or kinaesthetic—through the delivery of 
various message types such as animations, videos, or infographics, and make it more 
appealing to a diverse audience. 
This study also showed an association between change in knowledge and the gamification 
strategies used. Gamification takes the gaming principles of rewards, competition and 
personalisation to engage participants, and motivate them towards preferred behaviours. 
Gamification is widely used in business to increase loyalty and create longer-term 
engagement. In this study, participants in the intervention group were ‘gamed’ into viewing 
content, uploading photos and completing pop quizzes with the ability to earn points for each 
activity. These points accumulated and were displayed on the weekly leader-board on the 
app. Although 58 participants accrued enough points to redeem them for tangible rewards 
($25 and $50 movie/shopping vouchers) only three participants did so. The reasons for this 
may be the intangible rewards (such as leader-board position and weekly photo winner 
badges) were of more perceived value, or the motivation may have been more competition-
based than incentive-based. This finding shows potential for larger, widespread campaigns 
in which providing ongoing tangible financial rewards would make scalability difficult. The 
results of this study suggest the inclusion of gamification strategies in injury prevention and 
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public health campaigns could lead to improved results. Unfortunately, the use of 
gamification techniques did not appear to help with retention of participants.  
Limitations 
This study has several limitations. In both the control and intervention group there was a 
large loss to follow-up. Reasons for this may be the length of the intervention. It is difficult to 
know when, during the intervention period, participants dropped out. The lack of personal 
contact associated with an app-based intervention may also have contributed to the attrition 
rate. Future studies should test shorter intervention periods to determine optimal duration. 
This loss to follow up raises the potential for attrition bias. However, the attrition rate in both 
groups was similar (54% vs 48%), and participants did not differ significantly from those who 
were lost to follow up on most characteristics. The exception was education (participants 
who remained in the study demonstrated a higher level of education). In addition, 
participants originally allocated to the intervention group who completed the study 
demonstrated a significantly higher baseline overall knowledge score than those who were 
lost to follow up. This did not occur in the control group. Interestingly, there was no difference 
in the proportion of participants versus drop-outs who demonstrated adequate vs 
inadequate knowledge. Overall, the potential differences in the participants versus non-
participants with respect to burns first aid knowledge, and the differential loss to follow up in 
the intervention group of those with lower knowledge, indicates that further research is 
required regarding those with lower knowledge (who would most benefit from an intervention 
to improve knowledge), and how to engage/retain their interest and participation. Finally, the 
relatively small numbers involved in this study mean that the multivariate analyses on 
demographic variables associated with change in knowledge (especially when app 
engagement is considered), and the analyses on predictors of app engagement, should be 
interpreted with caution. The randomised nature of participants to intervention and control 
groups minimised confounding, and great care was taken to reduce/avoid measurement 
bias by ensuring information was obtained from both groups in the same way.  Finally, it is 
important to acknowledge that a change in knowledge does not necessarily reflect a change 
in behaviour. It was beyond the scope of this trial to assess the impact on behaviour of the 
RCT; however, an important next step would be to determine whether this app can effect 
behaviour change in relation to burn first aid in young children with HBS. 
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CONCLUSION 
An app-based burn prevention intervention appears to be an effective and appealing 
approach for targeting mothers of young children. These results show that only eight people 
need to be exposed to this intervention in order to improve inadequate overall knowledge to 
adequate knowledge (i.e., score of less than 4 to a score of 4).  The broad reach, low cost 
and scalability of this medium could potentially be feasible for other injury prevention 
campaigns aimed at this population, particularly given the fact that children aged between 
0-4 years are most at risk of suffering from a number of injuries that occur in the home. 
Additional studies are needed to determine the optimal follow-up time for this type of 
intervention to offset the high attrition rate noted in this intervention.  
 
CHAPTER 10 CONCLUSION 
Chapter 10 is the fourth and final chapter relating to the development, implementation and 
evaluation of the Cool Runnings intervention (Stage 4 of this research). This chapter 
specifically relates to the evaluation of the Cool Runnings intervention, and in this chapter, 
the findings of a two-group, parallel, single-blinded randomised control trial are presented. 
The findings presented in this chapter indicate that there was a significant improvement in 
knowledge of the intervention group relative to the control group in all aspects of HBS 
knowledge, including risks, and correct burn first aid. There was also evidence that within 
the intervention group, increased engagement with the app resulted in increased 
knowledge.  
These findings suggest that innovative new technologies and evidence-based research can 
be combined to achieve significant, effective results in an HBS prevention campaign. Given 
the low cost and large reach of smartphone apps to deliver content to and engage with 
targeted populations, there are significant implications for future injury prevention 
interventions, and public health interventions more broadly. These are discussed further in 
Chapter 11 (Discussion), with a summary of the thesis in the context of relevant literature, 
and the strengths and limitations of this programme of work.  
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CHAPTER 11: DISCUSSION AND RESEARCH IMPLICATIONS 
THESIS RATIONALE 
Hot beverage scalds are the leading cause of childhood burn injuries, accounting for 1 in 5 
of all childhood burns treated in Australia and many other countries. These injuries cause 
considerable physical and psychological suffering, and are a significant financial burden on 
the healthcare system. [1,2] As such, HBS present a major paediatric public health issue 
that requires attention and prevention efforts.  
The purpose of this research was to investigate hot beverage scalds with a three-fold 
purpose based on the Public Health Model. Firstly, to obtain a more comprehensive 
understanding of the intricacies involved in the injury—the incidence, aetiology and 
epidemiological characteristics—to gain better insight into the scale of the problem and 
potential modifiable risk factors for HBS. Secondly, to assess the level of knowledge and 
use of optimal burn first aid treatment provided at the scene of a HBS (as a protective factor), 
to determine how often correct burn first aid is applied, and to identify what motivates the 
parents’ and caregiver’s choice and duration of burn first aid treatment. Thirdly, to use the 
information collected about HBS risks and burn first aid to develop, implement and evaluate 
a HBS prevention intervention using innovative new methods and techniques, including 
social media recruitment, an app-based delivery platform, and gamification strategies.  
SUMMARY OF RESEARCH FINDINGS  
In Chapter 1 of this thesis, the rationale for this research, and an overview of the thesis 
structure was presented. In Chapter 2, a literature review was presented, which highlighted 
the magnitude of scald injuries in children globally, and hot beverage scalds specifically. 
This included an epidemiological profile of HBS, and the physical, psychological and 
financial burden incurred, as well as the importance of correct burn first aid as a secondary 
prevention measure. Behaviour change and injury prevention theories and tools were 
discussed, and the use of smartphone apps and gamification techniques—emerging, 
innovative areas in health research—were described. Chapter 3 presented the aims and 
objectives of this research.  The remainder of the thesis comprised four stages. A summary 
of the main findings of this research is presented below, in relation to the four stages. 
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Stage 1 of this research (Chapter 4) was a retrospective trend analysis of children 
presenting at a major paediatric burns centre with HBS over a 12-month period. The 
purpose of this chapter was to detect whether there have been any changes in the 
proportion, mechanism, severity and outcomes of HBS over the past 10-years. This was 
achieved by comparing data to a historical cohort at the same burns centre 10 years earlier. 
The finding presented in this chapter confirm HBS remains the leading cause of burn 
injuries to children. The study also highlighted the significant reduction in inpatient 
admissions, skin grafts and long-term scar management between the two time periods, 
largely attributable to changes in the treatment and management of these injuries.  
Stage 2 of this research (Chapter 5) was a cross-sectional survey, conducted over 12 
months, of parents and caregivers of children who sustained HBS, at the same paediatric 
burn centre as the data was collected in as described in Chapter 4. The purpose of this 
study was to elicit more detailed information on the mechanism, setting, supervision, and 
first aid use in children with HBS presenting at a major paediatric burn centre. The results 
presented in Chapter 5 provide new information about the supervision of children at the 
time of their injury in terms of proximity and attention, who else was present, and whether 
the supervising adult was aware the child could reach the cup of hot tea/coffee. Additional 
information about first aid application was obtained, including what first aid was applied, 
for what duration, and in cases where cool running water was applied for less than the 
recommended 20 minutes, the reasons for this. Through the results presented in Chapter 
5, a much more detailed picture of the mechanisms and potentially contributory risk and 
protective factors associated with these injuries has emerged, than was previously known.  
Stage 3 of this research (Chapter 6) was a website content analysis, designed to 
determine the accuracy of burn first aid information available on the Internet which is a 
popular source of information about health, disease, and injury. As identified in the 
literature presented in Chapters 1 and 2, and on the findings of the cross-sectional survey 
presented in Chapter 5, the Internet is an often used source of information about burn first 
aid. The four most common search engines were used to search for burn first aid 
information, and the websites that appeared on the first page of each search were reviewed 
across a number of dimensions. The findings presented in this chapter indicate that overall, 
burn first aid treatment information available online is inconsistent and of poor quality. 
While most websites recommended the use of cool running water, only half mentioned the 
optimal duration of 20 minutes. This reflects incorrect and inadequate burn first aid 
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treatment seen in emergency departments and medical clinics as reported in this thesis 
and in other studies. This study highlights the need for consistent messages from burn and 
first aid agencies globally, and the need for better search engine optimisation from these 
and other health organisations so their websites appear ahead of others offering 
misleading advice.  
Stage 4 of this research (Chapters 7-10) relates to the development, implementation and 
evaluation of the HBS prevention intervention—Cool Runnings. This single-blinded, two-
group, parallel randomised controlled trial used new and innovative approaches to recruit, 
deliver and engage Queensland-based mothers of young children in order to improve their 
knowledge around HBS risks and correct burn first aid. The speed and broad reach of the 
recruitment campaign and the success of this RCT in changing knowledge demonstrates 
the potential of these new approaches for other injury prevention campaigns, and broader 
public health campaigns. 
Detailed discussion of the research findings and limitations is contained within each 
publication which make up Chapters 4 to 10. In this current chapter, these comments are 
synthesised, and overall conclusions are drawn for the programme of research, highlighting 
the implications for future injury prevention and public health research and practice. 
HOT BEVERAGE SCALDS  
Hot beverage scalds are commonly cited in the literature as a major/leading cause of 
childhood burns; however, few studies have examined HBS as a separate burn cause in 
detail.  HBS are typically grouped within all scalds. Apart from the epidemiological data 
which is broadly understood and well documented in the literature, until now little has been 
known about the specific circumstances surrounding these injury events, the supervision or 
the decisions made by the parent/caregiver about first aid at the time of the injury. There is 
a lack of data around what parents of young children know about HBS risks and burn first 
aid, or where they source their first aid information. Given the challenges facing healthcare 
professionals to reduce childhood injuries, to date there is no evidence of attempts to 
harness new emerging technologies and techniques, such as smartphone apps and 
gamification, in injury prevention. This thesis fills these knowledge gaps, and provides 
insights that can inform the way future HBS, injury prevention and public health campaigns 
are undertaken.   
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This thesis confirms that hot beverage scalds remain a leading cause of childhood burns. 
Many factors play a role before the actual occurrence of a hot beverage scald. The findings 
from this research regarding the setting and main mechanism of these injuries are consistent 
with the literature. Paediatric HBS predominantly occur in the child’s home, particularly in 
the kitchen, and usually result from the child reaching up to grab the cup from a bench or 
table. [3–7] Children aged between 6-24 months are disproportionately represented—an 
age-group noted in the literature to be more susceptible to injuries given their rapid 
developmental changes, particularly newly acquired independent mobility and curiosity, 
which can lead them to reach, grab and touch things, but without the cognitive awareness 
of the inherent danger. [8] 
For the first time, factors have been identified in this thesis that may make a child more 
susceptible to a hot beverage scald injury. This includes information on who was supervising 
the child at the time the injury was sustained, where that person was (proximity) and what 
they were doing when the injury occurred, how long beforehand the hot drink had been 
made, and whether the caregiver was aware that the hot beverage was within the child’s 
reach. Rather than lack of supervision being an explanatory factor for this injury mechanism, 
this thesis identified that quality or level of supervision was a more likely reason for the HBS. 
Saluja et al [9] and Morrongiello et al [8] suggest supervision is much more than just being 
present, especially in very young children. Adequate supervision of this age group requires 
close proximity, attention, and continuity of attention to be effective. Certainly, the results 
presented in this thesis suggest that while the parent or caregiver was often close 
(proximally close) to the child when the HBS occurred, their attention was not solely focused 
on the child, but spread between watching the child and preparing food or attending to other 
family members. Continuity and attention can be challenging for many parents and 
caregivers in a busy household. While the effect was not statistically significant, data from 
the cross-sectional survey (Chapter 5) indicate that HBS occurred more frequently when 
additional people were in the house than when the caregiver and child were alone. 
Grandparents were present in 28% of cases, other parents/siblings (or both) were present 
in 15% of cases, and the caregiver and child were alone in 11% of cases (note: 24% missing 
data). Although the ‘grandparent factor’ did not reach significance in the study, it is an area 
that warrants further investigation. Several explanations are possible. It is possible that 
grandparents are less aware of risks of HBS, so unknowingly placed hot drinks in places 
that were accessible to the child. It is also possible that the parent or caregiver was attending 
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to the grandparent and shifted focus from the child. Finally, it is possible that parents lack 
awareness regarding HBS risks but are more likely to consume hot drinks when others are 
visiting because it is a social activity. Regardless, it is clear that increased awareness 
regarding level and quality of supervision is important for parents and other caregivers of 
very young children to avoid HBS and many other childhood injuries that befall this age-
group. 
Another important point identified in the cross-sectional survey was the reported length of 
time between when a hot beverage was made and the burn injury sustained (and 
specifically, a deep burn). Previous literature suggests temperatures ³65°C can cause deep 
burns to children’s skin with just two-seconds of exposure [10,11]; however, a more recent 
study that focused on scalds specifically in a porcine model found the temperature required 
to cause a deep burn was ³80°C. [12] Six children in the cross-sectional survey received 
deep burns from hot drinks reportedly made >5 minutes earlier, and 50% of the scalds were 
from drinks made 2-5 minutes earlier. Why these drinks caused deep burns 5 or more 
minutes after being made is unclear. It is possible that this is due to self-report bias and that 
the time reported by the parent/caregiver was overestimated. It is also possible that the 
temperature range required for a scald to cause a deep burn may be somewhere in between 
65-80°C as suggested in the literature. A third possibility is the improved quality of 
cups/mugs means that a higher temperature of hot beverages is retained for longer. 
Whatever the reason, the findings from this research demonstrate that parents and 
caregivers must be vigilant in keeping their hot drink out of a child’s reach for 5-10 minutes 
after it is made (longer if there is no milk). This may be a lot longer than many 
parents/caregivers realise.  
Options to reduce the risk of paediatric HBS include parents/caregivers routinely putting 
their cup of hot tea/coffee to the back of the bench or table out of reach, using a travel cup 
with a tight-fitting lid, using simple verbal cues to warn of danger (e.g. ‘careful, hot’), and/or 
keeping their young child out of the kitchen with a safety gate during food or drink 
preparation. These small environmental changes can provide those extra few seconds 
needed to intervene and avoid an injury. However, parents are less likely to take these 
actions if they are unaware of the frequency with which HBS occur. The results of the present 
study found that mothers of very young children are largely unaware of the risk of HBS, even 
though their children were in the age-group most at risk. This lack of knowledge around HBS 
risk was not associated with any demographic characteristics such as parents’ or caregivers’ 
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country of birth, age, highest education level or socioeconomic status. It is clear that there 
is an urgent and compelling need to increase awareness of the frequency and severity of 
these injuries in the general population, but specifically in parents and caregivers of very 
young children. It is also clear that increased awareness is required regarding the level and 
quality of supervision of children at-risk, and potential environmental changes that can 
prevent HBS injuries. Otherwise, these injuries will continue at the current high rate.  
BURN FIRST AID 
Incorrect Burn First Aid 
Applying cool running water for 20 minutes to a burn within three hours of the burn occurring 
is the optimal treatment; relieving pain, reducing wound depth, decreasing surgical 
interventions and shortening hospital stays. [13-15] Findings presented in Chapters 5 and 9 
of this thesis confirm that there is low knowledge and use of correct burn first aid treatment 
by parents and caregivers of children in the age group most at-risk. This has been reported 
in previous literature, in relation to the general public. [4,16-18] Many people apply water 
initially but it is seldom applied for the recommended 20 minutes duration. [4,17] While the 
low use of optimal burn first aid is often reported in the literature, what has not been recorded 
are the possible reasons that people do not apply water for the necessary duration. This 
thesis provides insights and information on this and other details around burn first aid use.  
In the retrospective trend analysis (Chapter 4), only 25% of children were identified as 
receiving correct burn first aid immediately at the scene. A similar proportion (28%) of 
children were identified as receiving correct burn first aid immediately at the scene in the 
cross-sectional survey (Chapter 5). In both studies, the proportion of children receiving 
correct burn first aid increased when the definition was relaxed to include cool running water 
applied within three hours of the injury (treatment applied either by paramedics or at the 
emergency department or medical clinic). However, of concern in both studies was the 
number of children who did not receive correct burn first aid, even when medical attention 
was sought (at an emergency department or medical clinic). This finding is consistent with 
a study from Western Australia, where 50% of people who received inadequate burn first 
aid treatment had this delivered by primary health care professionals. [19] These findings 
highlight that while the education of parents and caregivers is crucial, so is education of 
medical staff and paramedics about optimal burn first aid treatment, and the benefits of 
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applying correct burn first aid within the three-hour post-injury window to improve the wound 
outcome.  
Reasons for Incorrect Duration 
Information collected in the cross-sectional survey (Chapter 5) provides some insight into 
why parents and caregivers do not apply optimal burn first aid. Firstly, those who did apply 
cool running water, but for less than 20 minutes, reported their main reason for the shorter 
duration was because they thought the shorter time was sufficient, the child was too 
distressed, or they were close to a medical centre/hospital. The latter may be problematic, 
given the findings noted above. Going to a medical centre/hospital close by may not result 
in optimal burn first aid treatment. Empowering parents and caregivers with knowledge 
about the correct duration and why it is important, and encouraging them to persevere with 
water cooling even if the child is distressed (first aid lasts 20 minutes but scars last a lifetime) 
may lead to a higher rate of correct burn first aid treatment applied at the scene. 
Source of Information 
A primary source of burn first aid information is the internet. Findings presented (from the 
cross-sectional survey (Chapter 5) suggest that 36% of parents/caregivers used the internet 
as their primary source. This is consistent with previous studies that have been conducted 
in Australia. Harvey et al [18] found 33% of people in the general population use the internet 
for burn first aid information. However, the Internet was cited as the primary source of 
information by 79% of mothers of young children who were recruited to participate in the 
Cool Runnings RCT (Chapter 9). Several potential explanations for these differences exist. 
Firstly, it may be that participants who were recruited to the RCT were younger, and 
therefore more likely to use the Internet as a source of any information. Secondly, these 
participants, by nature of the method of recruitment (social media) may be more likely to use 
the Internet as a source of any information. Regardless, this is concerning given the findings 
presented in Chapter 6 about the poor quality of burn first aid information available online. 
Only two studies have assessed the quality of burn first aid information online, and one of 
these studies is that presented in Chapter 6. This thesis (and the previous study, conducted 
over 10 years ago) identified that online burn first aid information was largely inaccurate and 
inadequate.  The popularity of the Internet as a primary source of burn first aid information 
makes it crucial for burn agencies and health organisations offering burn first aid information 
to ensure there is a consistent message about correct first aid. In addition, the content on 
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these websites must be easy to read and understand (particularly in a crisis situation), the 
website should be easy to navigate, and websites need a higher ranking in search engines 
so they can be found at the top of the search page.  
Other sources of first aid information reported by participants in this thesis (Chapter 5 and 
Chapter 9) may also be questionable.  For example, among those participants recruited to 
the RCT who reported ‘friends and family’ as their primary source of burn first aid (Chapter 
9), none were identified as having adequate knowledge of burn first aid treatment. 
An obvious source of information regarding burn first aid knowledge is first aid training. In 
the literature, first aid training is usually associated with higher burn first aid knowledge. 
[18,20,21] While data presented in Chapter 9 on the predictors of correct first aid knowledge 
confirm that there was a positive association between first aid training and burn first aid 
knowledge, of concern is that 79% of participants who reported completing first aid training 
in the past 12 months were identified as having inadequate burn first aid knowledge. Similar 
findings have been reported in the literature, but to a lesser extent. In a study of healthcare 
workers in Western Australia, first aid training was associated with higher levels of correct 
burn first aid knowledge, but a third of people who had undertaken first aid training 
incorrectly answered questions about burn first aid. [19] In this thesis, first aid training was 
not associated with correct first aid use in participants in the cross-sectional survey (Chapter 
5). This may reflect the different participant groups (Chapter 5 included participants who 
were parents/caregivers of a child who sustained a HBS and were recruited over 12 months, 
whereas Chapter 9 included mothers of young children who were recruited via social media 
over one month), or may be related to the relatively small sample size of the cross-sectional 
study. One possible reason that people who have completed first aid training may not have 
adequate burn first aid knowledge is that not all first aid training courses teach burn first aid.  
In future studies, this could be addressed by changing the wording of the question to ‘first 
aid training that included burns’. Another possible reason is that while these first aid courses 
may include a component on burn first aid, and this may include detail on treating burns with 
cool running water, it is unknown how much focus is on the duration of cool running water. 
Lobbying for all first aid training courses to include burn first aid and the optimal cooling 
duration may be another way of ensuring correct and consistent burn first aid messages are 
being given to the general public. Future research on the content and quality of first aid 
courses is recommended (e.g., a content analysis similar to that completed in Chapter 6). 
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Combining Technology and Evidence  
The significant improvement demonstrated across all dimensions of HBS knowledge for 
participants in the intervention arm of the Cool Runnings RCT clearly shows the potential 
for app-based, gamified prevention campaigns. There have been few reported evaluations 
of interventions aimed specifically at burn first aid. Significant short-term improvements in 
burn first aid knowledge have been demonstrated in two multi-media campaigns. [22,23] 
However, the methodological quality of these studies was low. [24] This thesis presents the 
first RCT to measure improvements in burn first aid knowledge known to the candidate. 
Given the substantial shift in viewing habits of media content over the past 5-10 years, 
research interventions and public health campaigns need to incorporate more contemporary 
strategies than traditional methods such as billboards, radio and television advertisements 
in broadcast multi-media campaigns. In Australia, one in seven people now watch no 
commercial television, and 40% of Australian adults download or stream content, [25] a 
trend that is being echoed worldwide. People are now in control of what they watch and 
when, preferring to tune in to personally-appealing content. Changes are occurring on many 
fronts, with advances in technology, how, where and when we view content, increases in 
smartphone and smart device ownership, and the rise in social media. Given these changes, 
new approaches are needed to engage and connect with targeted populations.  
NEW TECHNOLOGY AND INNOVATIVE APPROACHES IN INJURY PREVENTION 
As discussed in Chapter 2, there have been few success stories when it comes to childhood 
burn prevention campaigns [26], apart from those that have included passive approaches 
that have the benefit of legislative, engineering and design support, such as hot water 
tempering valves, and flame-retardant children’s sleepwear. [27-29] The findings presented 
in Chapter 4 suggest that at least in Queensland, Australia, this is reflected by the lack of 
change in HBS rates, mechanism, and main at-risk groups over the last decade. Certainly, 
campaigns that focus solely on education have had little demonstrated success. Because 
of this, and because education is the most likely strategy to be effective for HBS prevention 
(due to limited capacity for other approaches such as engineering / environmental 
approaches to work), a novel approach was taken to develop and implement the intervention 
created for this research. Traditional channels and methods were replaced with innovative, 
technology-based options—from social media recruitment to an app-based message 
delivery platform. These innovative approaches were underpinned with evidence and 
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theory, and used new techniques for engagement and knowledge retention through 
gamification. This research presents the first app-based injury prevention campaign, and 
the first study to evaluate the efficacy of gamification techniques in an injury prevention area.  
The Cool Runnings campaign confirmed the benefits of using social media as a recruitment 
tool, particularly for reaching mothers of young children in Australia. While this method of 
recruiting for health-related research is still in its infancy, the emerging evidence shows the 
low cost, broad reach and speed of recruiting via social media, making it a compelling option 
when compared to traditional methods that can be slower and more expensive. [30-32] 
Traditional methods also do not have the real-time feedback or interactive opportunities for 
engagement that social media recruitment does. Participants recruited to Cool Runnings 
were generally representative of the target population (mothers of young children in 
Queensland), and this highlights the potential for targeting specific populations based on 
demographic characteristics such as age, gender, maternal status and location. This study 
shows the potential for targeting mothers of young children for any childhood injury 
prevention campaign.   
While the Cool Runnings app-based intervention is a first in injury prevention, app-based 
behavioural interventions for health are increasingly being used to successfully to reduce 
depression and anxiety, increase physical activity, sunscreen use, safe sex, and manage 
chronic conditions such as diabetes and asthma. [33,34]  
The purpose of the RCT was to investigate the effectiveness of an app-based platform in 
improving the knowledge of mothers of young children about HBS risks and correct burn 
first aid. The RCT showed a significant improvement in knowledge change between baseline 
and six-month follow-up. An interesting and exciting finding was that those from the highest 
level of socioeconomic disadvantage (based on SEIFA data) were 7.3 times (95% CI=1.2-
42.9) more likely to improve overall knowledge from baseline to six-month follow-up than 
those from any other socioeconomic level. Given that research from around the world shows 
an association between low socioeconomic status and increased childhood injury mortality 
and morbidity [35-37], this finding lends support to the potential for app-based interventions 
being used to prevent other childhood injuries.  
Much of the research around the effectiveness of apps has focused on change in behaviour 
as an outcome, albeit short-term behaviour change.  This was not the purpose of Cool 
Runnings. A significant improvement in HBS risk and burn first aid knowledge was achieved. 
This was reinforced by the low Number Needed to Treat of 8 (meaning that 8 mothers of 
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young children need to be exposed to this intervention in order for one person to improve 
knowledge). However, it is acknowledged that this knowledge change may not translate to 
change in behaviour. Assessing behaviour change was beyond the scope of this research 
but is a recommended next step. As highlighted in the Health Belief Model [38] modifying 
attitudes and behaviours can be attained through increased knowledge about the threat of 
a current behaviour (risk of injury to child), but individuals must feel a change will be 
beneficial (protective), and feel empowered to intervene (to protect their child). The 
messages provided in the Cool Runnings intervention (examples shown below) followed the 
Health Belief Model by firstly informing mothers in the intervention group about the frequency 
and severity of HBS and the age-group most at risk, raising awareness of threats and risks 
specific to a child’s developmental stages, then suggesting ways they could reduce these 
risks, and the simplicity of the correct burn first aid treatment to apply should a scald or burn 
occur. These messages were complimented by the inclusion of gamification strategies to 
make the intervention more engaging. 
 
Figure 23: Three examples of content provided to the intervention group of Cool Runnings. 
Gamification techniques are readily used in commercial health apps but the evidence of its 
efficacy in changing health behaviours is still in its infancy. Gamification, ‘the use of game 
designs in non-game contexts’, is commonly used in workplace health initiatives, [39] and 
the trend of using gamification techniques and strategies in health-related apps is 
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burgeoning. However, theoretical frameworks are still being developed and there remains 
relatively little scientific literature as to its efficacy in improving health behaviour outcomes. 
[39,40] As discussed in Chapter 2, the aim of incorporating gamification elements to health-
related non-games is to improve user experience and engagement while increasing intrinsic 
motivators likely to result in the adoption of a behaviour or knowledge change. [41,42]  
Gamification elements were used in both the recruitment of Cool Runnings participants 
through social media and in the intervention itself. Extrinsic and intrinsic rewards were used 
in the recruitment with the potential to win financial rewards and prizes (extrinsic), and learn 
how to protect their child from injuries and/or keep children safe (intrinsic).  During the 
intervention, participants were encouraged to earn points by viewing content, completing 
pop quizzes and uploading photos as part of weekly challenges. Weekly leader-board and 
challenge winners were awarded additional bonus points. These elements were aimed at 
the psychological needs of competence, relatedness and autonomy (from Self-
Determination Theory). The points, leader-boards, weekly winners and positive feedback on 
completion of pop-quizzes and weekly challenges were aimed at competence; the sharing 
of photos, ability to comment and ‘like’ other participants’ photos, and the shared goal/social 
connectedness of participants keeping children safe from injury were aimed at relatedness; 
and the ability to choose to participate in pop quizzes and challenges, and/or to redeem 
points for tangible rewards was aimed at autonomy. Although there was a significant 
association between improved overall knowledge and the gamification elements in the RCT 
(increased engagement was associated with increased knowledge), it was disappointing 
that there was not more app activity by more of the participants in the intervention group. 
However, this must also be considered in the context of this participant group – they are 
mothers of young children whose attention and energy are primarily focused on their 
child(ren), and may not have capacity for further engagement.  
In hindsight, and with better understanding of the psychology behind gamification, the 
following changes could improve the participant’s experience and motivation on the app: 
• Increasing the level of challenges each week so participants could move up to different 
levels and see/feel incremental success and failures.  
• The introduction of ‘what if ’ scenarios, so participants feel they have more choice and 
freedom within the app (or the illusion of this). 
• Reduce the extrinsic rewards and motivators used. Continuing to offer these may have 
been detrimental to the motivation of users. 
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Increased engagement and interaction with the app may have been improved through better 
app design, user-experience and a shorter intervention period. App-based health 
interventions need to capture attention and actively engage participants in order to be 
effective. [43] Content delivered using various mediums (video, animations, infographics 
etc) can trigger the interest of different learning styles, and the frequency of messages can 
also help with sustained usage. [43,44] However; the lack of personal contact involved in 
app-based interventions make it easy for participants who are not engaged or motivated by 
the app to discontinue use or drop-out. Authors of one study who investigated which factors 
motivate patients to use smartphone health apps reported that patients were less interested 
in the innovativeness of health apps but rather the ease of use, applicability and feedback 
provided. [45] This is consistent with other research that shows that 26% of smartphone 
apps are only opened once, 74% are discontinued by the 10th use, and some are not opened 
at all. [45] The main reasons for people discontinuing use of an app were finding a better 
app or a lack of user-friendliness. It may be difficult for app-based health interventions to 
compete with commercial apps in terms of design features and user-friendliness, therefore 
they must rely on attracting and engaging participants based on the intrinsic motivators 
mentioned earlier. Consequently, high dropout rates are common in web and app-based 
health studies, with some large trials experiencing 78% to 99.5% of participants 
discontinuing usage. [46,47] The loss to follow up observed in the RCT for Cool Runnings 
was approximately 50%, which by comparison, suggests that the Cool Runnings app was 
attractive and engaging to participants. The use of app-based health interventions is still in 
its infancy, and there are still many unknowns in terms of engagement, content, and delivery 
to be fully understood.  
STRENGTHS AND LIMITATIONS 
Strengths and limitations have been discussed in the context of each chapter, and also in the 
above summary of findings from the research. However, a more focused discussion of the 
most salient strengths and limitations is presented here.  
This research used a mixed-methods approach to achieve the intended aims. The research 
comprised four sequential stages, and each informed the next. Much of this research method 
is novel, and this represents the main strength of the thesis. Very little work has been 
completed specifically on HBS. Prior to this thesis, no work had been published on the 
reasons that cool running water is not applied for the required duration. No previous studies 
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have utilised an app for an injury prevention intervention. Participants were recruited using 
social media. Previous interventions that have focused on HBS have not been of high 
methodological quality. This thesis addressed these gaps.  In summary, the Cool Runnings 
intervention that was developed based on findings in this thesis, implemented and evaluated 
by RCT, was effective in changing knowledge about burn risks and burn first aid in 
Queensland-based mothers. There is evidence to suggest that this approach may be 
generalizable to other childhood injury prevention campaigns.  
While this thesis has made a substantial contribution to the body of evidence on hot beverage 
scalds; the results must be interpreted in the context of the limitations of the research. One 
major limitation is potential selection bias in all of the studies requiring informed consent 
(cross-sectional study—Chapter 5, and RCT—Chapters 9 and 10). In Chapter 5, 
parents/caregivers of children with a HBS completed an online survey. However, there were 
no observed differences between participants and non-participants, so the effect of this 
potential bias is likely minimal. In relation to the RCT, using social media as a recruitment 
tool may have resulted in selection bias, as could making an inclusion criteria owning a 
smartphone. Any mother of young children who did not use social media (specifically 
Facebook or Instagram) could not be recruited. Any mother of young children who did not 
have access to a smartphone could not participate in the RCT. Hence, findings of these 
studies may not be generalised beyond the study population to the target group (mothers of 
young children in Queensland). However, the sample was representative of the target 
population on important demographic characteristics (age, marital status, being a first-time 
mother and country of birth), so the effect of this potential selection bias is likely to be minimal.  
People who could not understand English are less likely to have participated in any of the 
studies reported in this thesis. The risks are higher for these groups of people [48,49], and in 
this respect, the findings presented here are likely to be conservative.  
Measurement bias was also present in this thesis. In Chapter 5, information was collected 
via online survey. In Chapters 9 and 10, information was collected via an app on 
smartphones. Both self-report and/or recall.  
A drop-out rate of 51% was observed in the RCT, which is another form of selection bias 
(loss to follow up, or attrition bias). However, the attrition rate in the control and intervention 
group was similar (54% vs 48%), and participants did not differ significantly on any 
demographic characteristic apart from education (those who completed the pre- and post-
test had a higher level of education compared with those who did not remain in the study).  
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There was no difference in the proportion of remaining participants versus those who 
dropped out with respect to adequate versus inadequate knowledge at baseline. However, 
participants originally allocated to the intervention group who completed the study 
demonstrated a significantly higher baseline overall knowledge score than those who were 
lost to follow up. This effect was not observed in the control group. The potential differences 
in the participants versus non-participants with respect to burns first aid knowledge, and the 
differential loss to follow up in the intervention group of those with lower knowledge, most 
likely resulted in an underestimate of the impact of the intervention. Further research is 
warranted regarding those with less knowledge (who would arguably most benefit from an 
intervention to improve knowledge), and how to engage/retain their interest and participation.   
This thesis focuses on the specific issue of hot beverage scalds, and the studies that make 
up this thesis involve children, parents and caregivers living in Australia. While paediatric 
HBS are a global problem, the results may not be generalizable to other populations and 
regions.  
The relatively small numbers involved in each of the studies reported in this thesis mean 
that the various analyses should be interpreted with caution. In relation to the RCT, 
confounding was minimised by study design (the randomised nature of participants to 
intervention and control groups), and the potential for measurement bias was reduced by 
using a consistent approach to obtain information from intervention and control groups.  
Finally, it is important to acknowledge that a change in knowledge does not necessarily 
reflect a change in behaviour. It was beyond the scope of this research to assess the impact 
on behaviour of the RCT; however, an important next step would be to determine whether 
this app can affect behaviour change in relation to burn first aid in young children with HBS. 
RECOMMENDATIONS AND DIRECTIONS FOR FUTURE RESEARCH  
This research clearly shows the significance of hot beverage scalds as a major paediatric 
public health issue. It also demonstrates that parents and caregivers of young children are 
largely unaware of the frequency and severity of this injury, the supervision required to 
prevent them from occurring, and the burn first aid treatment to apply should a burn occur. 
The information provided in this thesis regarding the circumstances surrounding HBS may 
be of interest to healthcare professionals who interact with parents of very young children, 
and child safety advocates. Providing messages and information about what adequate 
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supervision of very young children entails, the simplicity and accessibility of burn first aid 
treatment, and the simple steps they can take to protect their child from HBS is another way 
of increasing awareness and potentially changing knowledge and behaviour.  
The importance of the detailed information collected in the cross-sectional survey developed 
in this thesis has been recognised by the burn centre at the Johns Hopkins Children’s 
Hospital in Baltimore, USA, which is using the questionnaire developed by the author to 
collect information on children presenting with HBS at their centre for a 12-month study. This 
study began in August 2017. This collaboration highlights the importance of the information 
gathered to inform future prevention campaigns.  In addition, this will facilitate comparison 
of results across different populations, in order to address concerns regarding 
generalisability of findings presented here. 
An important finding of this research is that there is not only a low rate of optimal burn first 
aid applied within three hours of the injury occurring by parents and caregivers, but also 
when the child presents at a medical centre. This finding was observed in different 
populations, at different time points, using different methods. This important window of 
opportunity to improve the wound outcome is being lost. This finding shows the need to 
further educate medical professionals, first responders, nurses, pharmacists, and medical 
centre staff to know the importance and benefit of applying cool running water for 20 minutes 
within three hours of a burn occurring. This is particularly crucial given the findings from this 
research that many parents and caregivers do not apply water long enough as they perceive 
better treatment will be provided at a nearly medical centre/emergency department.   
This research highlighted that although first aid training was associated with improved burn 
first aid knowledge and use, many of those who had completed this training did not know or 
provide correct burn first aid. This finding is important for first aid training organisations, 
which may need to change the burn first aid information they provide, or the way they  
provide it. 
This research also highlighted the popularity of the Internet as a source of burn first aid 
information and the poor quality of burn first aid information available online. This finding is 
important for burn agencies and healthcare organisations which provide this information to 
the public. If we are to see an improvement in burn first aid use, then these agencies need 
to ensure their treatment message is congruent, and that their websites are search engine 
optimised so their websites appear at the top of the search engine’s results page when burn 
first aid information is searched. There is also a need for these websites to be easy to use. 
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By increasing the knowledge and use of optimal burn first aid among parents, caregivers 
and medical personnel, we can reduce the physical and psychological suffering of children 
who experiences a HBS, the impact on their families, and the financial burden to the 
healthcare system.  
This research demonstrated the speed, broad reach, and cost effectiveness of recruiting 
study participants via social media, as well as the ability to target specific populations for 
recruitment. Given the difficulty many research studies encounter in recruiting the required 
number of participants and obtaining a representative sample, this finding could be of benefit 
to other researchers looking to target mothers of young children, or potentially other specific 
populations. 
In this thesis, evidence was obtained and used to inform development, implementation and 
evaluation of a smartphone app to deliver a HBS prevention intervention that incorporated 
gamification techniques. The intervention was effective at increasing knowledge, and the 
benefits of gamification techniques were demonstrated (greater engagement was 
associated with greater knowledge increase). This holds promise for other childhood injury 
prevention campaigns, injury prevention generally, and public health more broadly. 
Disappointingly, a drop-out rate of approximately 50% was observed, though this is lower 
than reported drop-out rates for other app-based interventions.  Similarly, loss to follow up 
is not uncommon in public health interventions. More research is needed to understand the 
optimal duration of app-based interventions, and the frequency of prompts and notifications 
necessary to keep participants engaged and active on the app.  
The observed success of the RCT has led to the rollout of Cool Runnings as a national burn 
prevention campaign aimed at the broader Australian community. The campaign includes 
messages about the top 10 burn risks to adults and children, as well as optimal burn first 
aid. Cool Runnings (the sequel) was launched across Australia in October, 2017.  
CONCLUSION 
Paediatric hot beverage scalds—the leading cause of childhood burn injuries in Australia—
are a painful injury affecting hundreds of children under the age of two every year, and they 
are preventable. This thesis provides a comprehensive overview and investigation of this 
frequently occurring injury that has received little attention in terms of research and 
prevention to date.  
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Using the Public Health Model as a guide, this research confirms the magnitude of HBS in 
incidence, and the associated high physical, psychological and financial burden. While there 
have been wins in the past 15 years in terms of improved burn treatments, reduced hospital 
admissions and surgical interventions, the incidence has remained the same. This thesis 
provides insight into risk and protective factors, highlighting the circumstances surrounding 
HBS, including adequate supervision and correct burn first aid, in order to inform prevention 
campaigns. Cool Runnings—a gamified, app-based intervention—was developed, 
implemented and evaluated to change the knowledge of mothers with young children about 
the risks of HBS and the burn first aid treatment to apply should a burn or scald occur. This 
intervention was effective in achieving this goal with a significant improvement in knowledge 
among participants. Ideally, this change in knowledge will lead to increased vigilance by 
these participants in keeping children safe around hot drinks.  
The research findings provided in this thesis are based on HBS injuries in Australia; 
however, they are applicable to HBS in other countries, and show the potential for app-
based interventions aimed at other childhood injuries, and public health campaigns. The 
adoption of the cross-sectional survey created as part of this thesis by the Johns Hopkins 
Children’s Hospital burn unit in Baltimore, USA, and the roll out of the Cool Runnings 
national burn prevention and first aid campaign in Australia, validate the significance of the 
research provided in this thesis.    
From a more pragmatic standpoint, if the Cool Runnings intervention prevents just one child 
from suffering from a hot beverage scald then this research effort was successful in the 
author’s eyes.     
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APPENDICES 
APPENDIX 1: CROSS-SECTIONAL SURVEY QUESTIONNAIRE  
KEY * compulsory questions (blue text) represents skip logic used 
 
Hot Beverage Scalds in Young Children 
 
Hot beverage scalds are a leading cause of burns in young children. We want to find out more about 
how, where, when and why these injuries occur. This information may help us raise awareness among 
parents and caregivers, and find ways to prevent other children and families from suffering in the future. 
Thank you for answering these questions. 
    
1. What is your relationship to this child?* 
Mother  
Father  
Step parent  
Grandparent  
Friend/relative 
Other – please specify:    
 
2. Was the child in your care when the injury occurred?*  
Yes (go to Q4) 
No 
 
3. Who was caring for the child when the scald occurred?* 
Other parent – mother 
Other parent – father  
Step parent 
Sibling 
Grandparent(s) / relative(s)  
Friend / visitor  
Sibling – please specify age:____  
 
4. Where did the injury occur?* 
Child's home  (go to Q5) 
Relative’s home (go to Q5) 
Friend's home (go to Q5) 
Cafe / restaurant (go to Q6) 
Playground / park (go to Q6) 
Campground (go to Q6) 
Car (go to Q6) 
Other – please specify: (go to Q6)   
 
5. In which room of the house did the injury occur? 
Kitchen  
Dining room  
Living room / lounge  
 
 
216 
Bedroom  
Bathroom  
Deck / patio / garden 
Other – please specify:    
 
6. Who else was present in the house when the injury occurred? Choose as many as apply* 
Just caregiver and child 
Child’s sibling/s 
Other parent 
Grandparent/s 
Relative 
Friend/visitor 
Other – please specify 
 
7. Did you see the injury occur?* 
Yes (go to Q10) 
No  (show Q8) 
 
8. Did anyone else see the injury occur? 
Yes (show Q9, hide Q10) 
No (go to Q11) 
  
9. Where was this person in relation to the child when the injury occurred? 
Within arm's reach  
Nearby - within 5 meters  
In the same room and ABLE to see the child  
In the same room and UNABLE to see the child  
In another room but ABLE to hear the child  
In another room but UNABLE to hear the child  
Other – please specify: 
 
10. Where were you (or the caregiver) in relation to the child when the injury occurred? 
Within arm's reach  
Nearby - within 5 meters  
In the same room and ABLE to see the child  
In the same room and UNABLE to see the child  
In another room but ABLE to hear the child  
In another room but UNABLE to hear the child  
Other – please specify: 
 
11. What were you (or the caregiver) doing at the time the injury occurred? Choose as many as apply 
Playing with the child  
Breast feeding / bottle feeding the child  
Making a hot drink / preparing food  
Talking on the phone  
Using an laptop / computer / watching TV  
Answering / talking with someone at the door  
Attending to other family member  
Visiting / talking with friend or family member  
Carrying the child  
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Briefly left the room where the child was 
Other – please specify: 
These next questions relate to the type of hot beverage and the container it was in. Scald injuries differ 
based on the type and temperature of the beverage at the time of injury. 
 
12. What type of container was the hot beverage in?* 
Cup / mug - ceramic  
Cup / mug – paper / Styrofoam / plastic  
Cup / mug - glass  
Travel (insulated) cup / mug  
Other – please specify:    
 
13. Did the cup / container have a lid?* 
Yes  
No  
   
14. Did the cup / container have a handle?* 
Yes  
No  
   
15. What type of hot beverage was it?* 
Hot water  
Tea - black  
Tea - with milk  
Tea - green or herbal  
Coffee - black  
Coffee - with milk  
Specialty coffee drink, like a latte or cappuccino  
Hot chocolate  
Other – please specify:    
 
16. How long before the injury happened was the hot drink made?* 
Less than 1 minute  
2-5 minutes  
5-9 minutes 
more than 10 minutes  
 
17. Where was the hot drink located at the time of the injury?* 
Countertop (show Q18) 
Kitchen or dining table (approximately 90cm high) (show Q18) 
Coffee table - approximately 50cm high (show Q18) 
On the ground (go to Q19) 
On the sofa / armrest of chair (go to Q19) 
In the car (go to Q19) 
Cup / container being held or carried by another person (go to Q19) 
Other – please specify: (go to Q19) 
 
18. Prior to the injury, were you aware the child could reach the counter top/table? 
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Yes 
No 
 
19. How did the hot drink spill / pour on the child?* 
Child was sitting alongside the hot drink 
Child pulled hot drink onto him/herself  
Child knocked over hot drink  
Another person knocked over the hot drink  
Hot drink was being held by me or another person and it spilled on to child 
Other – please specify 
 
20. Does the child occasionally drink from a tea / coffee cup either at home or at a cafe?* 
Yes  
No  
 
21. Which of these statements best describes how the child grabbed the cup / 
container?* 
Child grasped the handle and pulled hot drink over themselves 
Child picked up cup by the handle as if to drink from the cup 
Child hooked their fingers over the side/top of the cup / container and pulled the cup / container over 
Not sure 
Other – please specify 
 
22. Did the child climb up on a chair or other furniture to reach the hot drink?* 
Yes 
No 
Not sure 
 
23. Prior to the injury, were you aware the child could reach the bench, table or shelf where the hot drink 
was placed?* 
Yes 
No 
   
24. Do you have any other information you would like to add in relation to how the injury occurred? _ _ 
_ _ _ _ _  
 
The next set of questions relate to burns first aid - both the first aid that was applied at the time of injury 
(if any) and your prior first aid knowledge. This information will help us identify what people already 
know about treating burn and scald injuries and where they get their first aid information from.  
 
25. Was first aid applied to the scald at the time of the injury?* 
Yes (go to Q27) 
No (go to Q26, hide Q27-29) 
 
26. If not, why? Choose as many answers as apply 
Because child was too distressed 
Because I didn't know what first aid to do 
Because blisters started appearing 
Because I didn't realise how bad the burn was 
Because I panicked 
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Because I thought getting professional medical treatment straight away was better than applying first aid at 
home 
Because I live close to a medical centre / hospital and I took the child there 
 
27. If first aid was applied, what did you (or the caregiver) use? Choose as many answers as apply. 
Aloe vera (go to Q30) 
Burn gel, cream or ointment (go to Q30) 
Butter (go to Q30) 
Bowl / bucket of cool water (go to Q30) 
Cool running water (show Q28) 
Cool compress or wet wrap (go to Q30) 
Egg (go to Q30) 
Ice (go to Q30) 
Ice pack (go to Q30) 
Toothpaste (go to Q30) 
Other – please specify (go to Q30) 
 
28. How long did you (or the caregiver) apply cool running water for? 
Less than 5 minutes 
Less than 10 minutes 
Less than 15 minutes 
Less than 20minutes 
20 minutes or more 
Not sure 
 
29. Which of these contributed to how long the cool running water was applied for? Choose as many 
answers as apply 
Thought this was adequate time to apply cool running water 
Child was too distressed 
Difficulty in applying water to burn area 
Blisters started appearing 
Child started shivering and I thought child was getting too cold 
Stopped applying water because I panicked 
Medical help arrived (paramedic / ambulance) 
 
30. Was any of the child's clothing removed after the injury?* 
Yes, right away  
Yes, after first aid was applied  
Yes, once the child had settled down (more than 30 minutes after injury occurred)  
Yes, clothing was removed by paramedic / medical professional  
Not applicable as the burn area was not covered by clothes  
No, the child’s clothing was not removed  
Other – please specify   
 
31. At the time of the injury, how confident were you in your ability to apply first aid to the scald injury?* 
I felt very confident  
I felt I knew enough to apply basic first aid  
I did not feel at all confident  
 
32. What is the recommended first aid treatment for a burn or scald?* 
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Write in response _________________________________________ 
 
33. Have you ever had first aid training?* 
Yes, within the past 12 months  
Yes, in the past (but not within the last 12 months)  
Yes, I am or was a health care provider of some type (eg. nurse, doctor, paramedic)  
No, I've never had first aid training  
 
34. At the time of the injury, did you (or the caregiver) look for information about burns first aid (eg. 
phone a friend / family member, look on the Internet)?* 
Yes  
No (go to Q36) 
   
35. Where did you look for burn first aid information?* 
First aid book  
Internet  
Asked a friend / parent / sibling  
Contacted my local clinic / medical center / doctor’s office  
Other – please specify:  
 
36. In general, where would you get information regarding first aid from? 
First aid book  
Internet  
Asked a friend / parent / sibling  
Contacted my local clinic / medical center / doctor’s office  
Other – please specify: 
_______________________________________________________________________________ 
These last few questions are about you. 
    
37. What is your age?* 
Less than 20 years old  
20-29 years old 
30 -39 years old  
40-49 years old 
50-59 years old  
60 years or more  
   
38. Are you male or female?* 
Male   
Female   
 
39. What is the highest level of education you completed?* 
Some primary school 
Some high school  
High school graduate  
Diploma or trade certificate  
University degree  
Post-graduate degree 
 
40. What is your post code?*_ _ _ _ 
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Thank you for taking the time to complete this survey. This information provides us with a better 
understanding of the circumstances surrounding hot beverage scalds, and will help us to develop 
effective awareness and injury prevention campaigns in the future. 
_______________________________________________________________________________________ 
 
THE FOLLOWING DATA WAS COLLECTED FROM THE QUEENSLAND PAEDIATRIC BURNS REGISTRY  
 
1.  Total Body Surface Area: _____ 
 
2.  Burn depth/severity: 
Superficial 
Superficial partial 
Partial 
Partial/deep 
Deep/full thickness 
 
3. Part(s) of the body scalded: 
Scalp   
Head / Neck   
Chest / Breast   
Abdomen   
Back   
Buttock   
Upper limb - unilateral   
Upper limb - bilateral   
Hand - unilateral   
Hand - bilateral   
Lower limb - unilateral   
Lower limb - bilateral   
Foot - unilateral   
Foot - bilateral   
 
4. Surgical intervention required: 
No 
Yes, debridement 
Yes, skin grafting 
 
5. Hospitalisation:  
Yes 
No 
 
6. Child’s age in months _____ at the time of original burn injury 
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HOSPITAL AND HEALTH SERVICE     
HUMAN RESEARCH ETHICS COMMITTEE 
 
Professor John Pearn  (Chair) 3365 5323 
Mrs Amanda Smith (Co-ordinator)  3636 9167 
 
 
 
 
 
Level 3, RCH Foundation Building 
Royal Children’s Hospital 
Herston  QLD  4029  Australia 
Telephone (07) 3636 9167 
Facsimile (07) 3365 5455 
 
1st September 2014 
Ms Jacqueline Burgess 
Queensland Children's Medical Research Institute  
Level 4 Foundation Building  
Royal Children's Hospital 
Herston  QLD  4029 
 
Dear Ms Burgess, 
 
HREC Reference number: HREC/14/QRCH/335 
Project title: Case series study of hot beverage scalds in Australian children 
 
Many thanks for the submission of the above Low/Negligible Risk project.  This has now been reviewed. 
 
This HREC is constituted and operates in accordance with the National Health and Medical Research 
Council’s (NHMRC) National Statement on Ethical Conduct in Human Research (2007), NHMRC and 
Universities Australia Australian Code for the Responsible Conduct of Research (2007) and the CPMP/ICH 
Note for Guidance on Good Clinical Practice.   
 
 I am pleased to advise the proposal meets the requirements of the National Statement on Ethical Conduct in 
Human Research and the Committee is happy to give approval.   
 
This project has Ethics approval for the following sites: 
 
 Royal Children’s Hospital, Brisbane 
 
Note: If additional sites are engaged prior to the commencement of, or during the research project, the 
Coordinating Principal Investigator is required to notify the HREC. Notification of withdrawn sites should 
also be provided to the HREC in a timely fashion.  
The documents reviewed and approved include: 
 
Document    Version    Date    
Master Consent Form  1  05 August 2014  
Master Participant Information Sheet  1  05 August 2014  
Printout of the online survey  1  19 August 2014  
Application       
Covering Letter    19 August 2014  
 
Please note the following conditions of approval: 
 
1. We require an annual progress report (or sooner if the project is completed) concerning the study.  This must 
include progress to date or outcome in the case of completed research.  Ethics approval is for 3 years from date of 
this letter.  (In accordance with National Statement 5.5.3) 
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2. In accordance with the National Statement (3.3.12), before beginning the clinical phase of the research, 
researchers should register clinical trials in a publicly accessible domain. 
 
3. If the project does not proceed, the Committee must be informed as soon as possible. (In accordance with 
National Statement 5.5.6) 
 
4. The Committee must be informed of any potential or realised problem with bioethical implications, if such occurs 
during the conduct of the research project.   
 
6. Any serious adverse event (SAE) that arises in the context of this research, or involving a researcher 
conducting this research, must be reported to the Ethics Committee within 72 hours and reported to the sponsor 
(if applicable) within the stipulated time frame.   
 
Serious Adverse Event Reports that are generated off-site may be (a) Serious Unexpected Adverse Reactions 
or (b) Serious Events which the Research Team believes cannot be related to the research intervention.  The 
Research team must report incidents of (a) during multi-centre trials.  Such are required to be submitted to the 
Chair of HREC on receipt by the researcher.  A summary of the SAE reports is to accompany the submission.  
Information required includes; patient details (age & sex), adverse event, outcome and the likelihood of the 
event being related to the study drug/device/procedure.   
 
With respect to all SAEs, the researcher must provide his or her opinion as to whether the SAE is 
directly related to the research intervention.   A copy of the SAE Summary must be provided.  (This can 
be obtained from the Ethics Officer) 
 
7. Amendments to the research project which may affect the ongoing ethical acceptability of a project must be 
submitted to the HREC for review. Major amendments should be reflected in a revised online NEAF (accompanied 
by all relevant updated documentation and a cover letter from the principal investigator, providing a brief 
description of the changes, the rationale for the changes, and their implications for the ongoing conduct of the 
study). Hard copies of the revised NEAF, the cover letter and all relevant updated documents with tracked changes 
must also be submitted to the HREC and the RGO as per standard HREC/RGO SOP. Further advice on submitting 
amendments is available from:   http://www.health.qld.gov.au/ohmr/documents/regu/resrch_user_guide_v1.pdf  
 
8. The Ethics Committee may conduct a randomly identified audit of a proportion of research projects approved by 
the Committee.  That audit process will look at such issues as; 
a. Security of Documents 
b. Consent Form Register 
c. Serious Adverse Events Register 
d. Withdrawal of Participants – who and why 
e. The de-identification of data 
 
9. Ethical approval to undertake this research project is given on the understanding that you have an intention to 
publish your findings in a refereed journal or similar peer-reviewed forum.  If you do not have this intention, it is 
an absolute requirement that you notify the Ethics Committee formally.  In this latter instance, approval for this 
research is not given at this time; and will require further negotiation.  Your work must be in accordance with the 
following: 
 
 National Statement on Ethical Conduct in Human Research: 
 http://www.nhmrc.gov.au/guidelines/publications/e72-0  
 Queensland Health Management Research Policy: 
http://www.health.qld.gov.au/ohmr/html/regu/resrch_mge_policy.asp 
  Declaration of Helsinki:   
  http://www.wma.net/en/30publications/10policies/b3/17c.pdf 
 Guidelines under Section 95 of the Privacy Act1995 and Guidelines approved under Section 95A of the 
Privacy Act 1995. 
http://www.health.qld.gov.au/ohmr/html/regu/aces_conf_hth_info.asp 
  Queensland Health Privacy Guidelines IS42 & IS42A: 
  http://www.health.qld.gov.au/privacy/IS42A.asp 
 
10. Researchers should note, if not QLD Health employees, a Blue Card may be required for contact with children. 
 
11. The Researcher must send the ‘Notification of Commencement of Research Protocol’ as soon as research 
begins.  Status of the project will remain as ‘Not Started’ until this form is received. 
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Should you have any queries about the HREC’s consideration of your project please contact Amanda Smith 
(Co-ordinator) or Professor John Pearn (Chairperson).  The HREC terms of Reference, Standard Operating 
Procedures, membership and standard forms are available from:  http://www.health.qld.gov.au/ohmr/html/regu/regu_home.asp 
 
You are reminded that this letter constitutes ethical approval only.  This project cannot proceed at any 
site until separate research governance authorisation has been obtained from the CEO or Delegate of the 
institution under whose auspices the research will be conducted at that site. 
 
The HREC wishes you every success in your research. 
 
Yours sincerely, 
 
 
 
 
 
Professor John Pearn 
Chair 
Children’s Health Queensland  
Hospital and Health Service 
Human Research Ethics Committee 
 
Cc: Ethics Committee Files 

